A Conductometric Study of the Reaction Velocities of 2, 4-Dinitrochloro, Bromo, and Iodobenzene with Piperidine in Dimethylsulfoxide at Various Concentrations and Temperatures by Moosreiner, Fred
A\ CONDUCTOMETRIC STUDY OF THE REi\CTION VELOCITIES OF
2,4-DINITROCHLORO r BROMO, AND IODOBENZENE WITH
PIPERIDINE IN DnmTHYLSULFOXIDE AT VARIOUS
CONCENTRATIONS m~D TEMPEFATUP£S
A Thesis
Presen to
The School of Graduate S les
Drake Un rsity
of
In Partial
irements
1 1
~1aster 0 f .""-rts
by
s r-ei ne r
BO
A CONDUCTOlv1ETRIC STUDY OF THE REACTION VELOCITIES OF
2 r 4-DINITROCHLORO , BROI,10, AND IODOBENZENE WITH
PIPERIDINE IN DIHETHYLSULFOXIDE AT VARIOUS
CONCENTAATIONS AND TE1:1PERATURES
by
Fred Moosreiner
Approved by Co~mittee:
1.!., '." ,-., , ,
A CONDUCTOlffiTRIC STUDY OF THE R.EAC'I'ION vr.ELOCITIES OF
2 ,4-DINITROCHLORO, BRONO, AND IODOBENZENE vJITH
PIPERIDINE IN DIlvlETHYLSUI,POXIDE AT VARIOUS
CONCENTRATIONS AND TErIPERATURES
An abstract of a Thesis by
Fred ~,1oosreiner
January 1980
Drake university
Advisor: Dr. F. E.. Jacob
The problem. C. O. Frank and T. R. Berkland have
follm.;ed the kinetics of the reaction of 2,4-dinitrohaloben-
zene with piperidine in ethanol using a conductometric
method. L. E. Youngberg concluded that this method permits
greater precision than either the titrimetric or spectropho-
tometric techniques which involve quenching of reaction
aliquots.
Significant reaction rate increases have been ob-
served for certain reaction types when protic solvents are
replaced with polar aprotic solvents, which are not
readily explainable in terms of such physical properties as
dielectric constant. Since data in dipolar aprotic solvents
random, the above system was studied in dime sulfoxide
to dete ne the applicability of the conductometric met.hod ,
rate constants, activation energies and entrop 5, and
halogen react ity series.
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Recommendations. The design of an automated system
of data collection could be investigated. The application
of this technique to quantitative determinations and
analysis of amine mixtures also offers an area for study.
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CHAPTER I
INTRODUCTION
Chemical kinetics is the quantitative study of
chemical reaction rates, of the velocity at which a chemical
system attains equilibrium, and of the factors which influ-
ence reaction velocity, such as temperature, concentration,
solvent, pressure, and catalyst. The emphasis in chemical
kinetics has been the compilation of data on the rates of
specific reactions with an aim toward improving technical
processes, elucidation of reaction mechanisms, and stud ~
of general principles of reactivity (1).
Charles O. Frank (2) and Terrill R. Berkland (3)
ernon s t r a t ed that the reaction velocities of 2,4-
di t alobenzenes with piperidine in 95 rcent ethanol
can f o lin..}' c:,,, by a ctometric method. As is reac-
t I h' .\,. l 1) proceeds to c let there is an increase
e con ntration of pi ri n (4) and halide (5) ions
which produces an increase in the conductance of e solution
wi t tance me applicable to reac~
t ns in which a n,. increase or decrease solut uct-
ance \v i res ct to time can be scr ed. a 1 Lrie a r f un c .....
t of concentration, fro ITl the reaction ra t.e cons tant
can be calculated (4). advanta of the co uctance
X= F, CI, s-, I.
Figure 1. The reaction of 2,4-dinitrohalobenzene
with piperidine.
2
3method over chemical methods (5) is the ability to continu-
ously monitor the system (4).
In the conductance method the charged species should
be fully ionized to provide a linear correlation between the
conductance of the solution and the concentration of reac-
tants. A good solvent for conductance studies should have
a low specific conductance and should solvate charged
species well, thereby limiting ion pair formation, which
could result in a non-linear correlation (5,6).
Frank and Berkland in their studies used 95 percent
ethanol as the reaction solvent. Ethanol solubilized both
reactants and products. Ethanol (ETOH) is a protic solvent
capable of contributing hydrogen to form strong hydrogen
bonds.
Since 1960, interest in non- us (aprotic, di-
lar roticl solvents a the correspo l solvent ef cts
on react rates has increased (7,8,9,10). Dipolar aprotic
so ts are fined as solvents wi a dielectric constant
greater than 15, whi te hydrogen atoms to form
les of such solvents are
de, di-laeetzonitrile, d
cannot
(10). Exst g h ro n
ac one, acet
me 1 rmam d yls e, nitro zene,
nitrome ane.
Dif renees in s ieal p rt s between di lar
aprotic solvents e solvent re?lac are not sufficient
to account for rate enhancements served (1 ). For
4certatn reactions, rate increases of a million-fold have
been observed upon changing the reaction solvent from a
protie solvent such as methanol to a dipolar aprotic sol-
vent such as dimethylsulfoxide (DMSO) or dimethylformamide
(Dr-iF) (8).
It was the purpose of this .study to: 1) determine
if the conductometric method of measuring reaction rate
velocities used by Frank and Berkland was applicable to
reactions carried out in the dipolar aprotic solvent DMSO,
2) establish a halogen reaction series for the reaction
between 2,4-dinitrohalobenzene and piperidine in DMSO,
3) calculate the energy and entropy of activation for the
reaction of 2,4-dinitrochloro, bromo, and iodobenzene with
piperidine in DMSO, and 4) compare the results obtained by
this sical od with results obtained by other
methods.
CHAPTER II
LITERATU?~ P~VIEW
Hilliam Nicholsen and Sir Anthony Carlise , in 1800,
decomposed water with an electric current and thus was born
the field of electrochemistry (11). Baron C. J. von
Grotthuss, in 1805, formulated a hypothesis on the mechanism
electrolysis in which an instantaneous dissociation of
molecules was caused by an electric current passing through
a solution. The negative pole attracted a hydrogen atom
from a water molecule. The altered water molecule would con-
tinue to the positive pole where an oxygen atom would be
1 ra ( 12) •
The v ws he by Grotthuss met with opposition and
were revised by Faraday, Hittorf, and Clausius.
Clausius modified the Grotthuss theory by denying
In 1857,
a
an electric current the molecu s apart. He
reasoned at a very e E.i1.F. would be needed; but this
was contra to e ntal evidence that even a 1
E.~.F. would p e d sian (13)
e r ntal evi nee, Clausius propos
To account r this
at some of the
electrically c particles (ions) alre y exist in e
solution an un ed state. G. inc F.
lrau concurr this explanation us t
6dissociation hypothesis to explain the migration of ions
and conductivity (14,15). Arrhenius, using Van't Hoff's
work on osmotic pressures, provided further evidence that
these particles exist in an uncow~ined state in solution
(15) .
In 1876, F. Kohlrausch perfected a precise tech-
nique for measuring the conductance of a solution (16). An
alternating current of low intensity, produced by an induc-
tion coil, was employed. Thi s was coupled wi th a ~Vheatstone
bridge, invented by C. Wheatstone in 1834, which was modi-
fied through the addition of a slide wire in one arm by
Kirchoff (17). ~'Ji th thi s aratus, Kohlrausch was able to
accurately determine the resistance, or conductance, of an
electrolyte. One arm of the b consisted of a cell con-
taini the solution of unknown res tance; another arm con-
sis of a c resistance box of sufficient magnitude to
t an a rex te e tion of the cell resistance
value; the remaini two arms of the bridge were a
Kohlraus
teet a null-to
wa s balanced.
re us
platinum electrodes wa s
onesHewi r e ,
indicated the br
larization of
d ided sli
point f wh i
found that
"u.LL~H\~zed by electroplati f ely di platinum upon
acetateat a trace of Le
t
Boll
from a chlor latinic ac
r (19) f o
solution (18). Jones
tc
loroplatinic acid selut n, us In electroplati
reas e durabili of e platinum hI coating.
7They also found that the lowering of cell resistance from
the true value due to capacitative shunt between the parts
of the cell of opposite polarity could be eliminated
through proper cell design (20). Horovaka and Mendenhall
(21) determined that a cathode-ray tube was as sensitive
as previous null-point detectors and was better than ear-
phones for work involving a large number of measurements.
In 1850, the first kinetic measurements were carried
out by L. Wilhelmy (22). He measured the rate of inversion
of sucrose and investigated the influence of concentration
upon the rate of reaction. He found that the rate of reac-
tion at any instant was proportional to the concentration of
the unconverted sucrose. In 1860, Berthelot and St. Gilles
performed rate stud s on the hydrolysis of esters, reaching
conclusions in reement with Wilhe that reaction rate is
pro rtional to the concentration of unreacted material.
rma anate with oxalic acid and
In 1867, Harcourt
They fo
alcohol was
tions (22).
react n of
e rate of c
rtional to
assium
inat for an acid and an
product of the two concentra-
Esson investigated the
calculated the s o r rate constant by a method
s lar to currently us techniques (22).
From 1888 to 1966 there have been sever stiga-
ns of react n rate by measuring e resistance of a
solut most not le among se are: 1) react
between e anal a acet.ic ae (23) I 2) react n be t.we eri
8ethanol and hydrochloric acid (24), 3) hydrolysis of organic
acids (25,26), and 4) reactions in benzene between silver
melissilate, lead stearate, copper oleate, and others, with
hydrochloric acid (27). These represented the first con-
ductometric studies with an organic solvent. Others in-
elude: 5) nitroethane with water and deuterium oxide (28),
6) saponification of esters (29), 7) reaction of 2,4-
dinitrachlorobenzene with piperidine in ethanol (2), 8)
solvolysis of tertiary-butyl chloride (30), 9) alkyl halides
with potassium iodide in acetone (31), 10) diphenyl chloro-
methane and ethanol (32), and 11) 2,4-dinitrobromo and
iodobenzenevl i th piperidine in ethanol (3). Reaction 11)
was followed monitoring the change in conductance with
respect to time. From this the reaction rate was determined.
Opstall, in 1933, invest ted the reaction rate
tween 2,4-dinitrochlorobenzene and piperidine by titra-
tion of chloride p ed wi silver nitrate found
reaction to seco r (3 3). Duri ng th e 19 50 I S
this react n tens ly investigated the s of
r mech sm of substitution. Some e s of the s
of reactions s toward is end are: 2,4-dinitrohalo-
nzenes- 1) N-me yl aniline in ethanol and in
nitro n z e n e (34) f 2) aromatic pr nes (35) f 3) z-
o a te (36) f 4) pi r idine in dioxane f TI'.e anal r e
(37,33) r 5) pi rid and no solvent (39), and 6) sulfite
in ueous ethanol (40); nit a benzenes wi 7) p ; r ac i.ne
9in benzene (41,42), 8) piperidine in dioxane, ethanol, and
methanol (43), 9) piperidine in xylene (44), 10) sodium
methoxide in ethanol (45); the halonapthalenes and nitro-
halonapthalenes with 11) piperidine in ethanol (46), and
12) piperidine and no solvent (47,48). These reactions have'
been studied in protic solvents or aprotic solvents of low
dielectric constant with the exception of the reaction In
nitrobenzene.
The kinetics for these reactions with piperidine
have been determined by volumetric and/or spectrophotometric
methods, but with the exception of the studies by Frank and
by Berkland they have not been examined using a conducto-
metric method. Youngberg (49) has compared the volumetric,
spectrophotometric, and conductometric techniques for
llowi reaction of 2,4-d itroch robenzene with
p r ine 1) concl ing the conductometric rneasure-
menta ve ater precision.
There are several rev (50,51,52,53) v.h i.ch
e ne e versatili of as a reaction solvent
general solvent pro rt s , mtSO is included in Br¢nst IS
r class of solvents (54). Dipolar aprotic solvents are
not cotrlclete lacki in ac e properties, even o
to rrn stro hyd s (54).
form d rs as well as Vole 1:1
anti-par I, electrostat 1 ...mU-'-Ll lar interactions involv-
i localiz lar groups ra er entire molecules
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DMSO is a powerful Lewis base. The negative center
in Dr·'iS0 is on a less hindered oxygen and interacts more
strongly th a positive center than does the negative
oxygen of ethanol or methanol. DMSO is a stronger base
than these two protic solvents and is probably a stronger
H-bond acceptor according to Parker (3).
DMSO has a high Trouton constant, but it is not
thought to have a structure as highly organized as that of
water. The high Trouton constant suggests strong dipole-
dipole interactions between individual molecules, but less
structural orientation than found in protic solvents; thus
solvent reorganization seems probable (8).
In DMSO effective ionic radii are unaffected by
temperature from 25°C to 55°C. Transport of ions in DMSO
is 1 mainly by viscous drag. The chlor e, bromide,
and i i ions are only sl ly so ed at 25°C, while
L T +, N a r are solva bv 4.8, 2.8, and 2.8 DMSO
molecules res t ly (56 J
It is wi ly re rted (57) that m!SO solvates large
ions well. at is, e ions should be solvated better
than chlor e or fluoride ions example. '='his can be
reted as steric resistance to the solvation of small
ions, cons er to less significant for 1 nSf
bulky di
atoms.
les wi cha centered on C, S, N, or 0
a solvent DtlSO dissolves most aror:1atic ,ana
11
unsaturated hydrocarbons, organic nitrogen compounds,
organosulfur compounds and many inorganic salts. It is
miscible with most common organic solvents such as alcohols,
ketones, lower weight esters, chlorinated solvents and
aromatics. DMSO is also hygroscopic, but saturated hydro-
carbons are virtually insoluble in DMSO. In viewing Dr1S0
as a reaction solvent (58) the physical properties of
interest are:
1) high polarity--the dipole moment of the sulfur-
oxygen bond is 4.3 Debye units, and the molecule
has a dielectric constant of 48.9 at 20.0 oC,
2) aprotic nature--does not donate hydrogen for hydro-
gen bond forQation, but solvates anions by di lar
association,
3) 01'180 0 n--sli tly basic making it a good
4)
hydrogen bo
methyl group
donator,
ro ns--replaceable only under
severe itions, when bulk = 31.3,
5) s cific co uctance--3 x lO-8( -1 . -?)em - at 25.0°C.
DHSO has been us to cilitate the displacement of nes
from hetero CllC or activated aromatic ri s (59,60,61,62,
63,64,65) . Part of the reason r the observed reaction
rate increases because it is a poor proton
donor, more p ably is due to its high a
ef t on e transition state (63/65).
s r (66,67,68 has e>:tensively the
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SNAr reaction of neutral molecules in the solvents dimethyl-
sulfoxide and dimethylformamide. The principle system
studied was the reaction of 4-nitrohalobenzene (NXB) with
piperidine (68) with emphasis placed on the reaction of the
fluoro analog. Reaction kinetics were followed with a DK2A
spectrophotometer. Runs were made with excess piperidine so
that pseudo first order kinetics were measured.
The reaction in ethanol was only weakly dependent on
solvent polarity and was much slower than in aprotic sol-
vents of the same dielectric constant. Dependence of the
rate constant on the dielectric constant of the medium (cf.
equation 1) was demonstrated for the NFB reaction with
piperidine at SO°C.
logk == canst t: - 1 (1 )
rate in ale 1 11 below straight line obtained
by plott g the log of the rate ainst the dielectric con-
stant of solvent, ile the rates in D!'1S0, D~1F! and Dllli-"\C
were ave curve.
In case of
three fold increase in
rotic solvents an approximate
rate of reaction and an activa-
tion ener of 8 kca 1 were served when the temperature
e s ame t rature
crease r the react in alcohol produced a five Cold
increase in the rate wi an activation ene of 10 to 14
1 1.L •
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The slow reaction rate in ethanol is attributed to
hydrogen bonding between the alcohol and the piperidine,
wh i.ch would lower the reactivity of the piperidine. When
the nucleophile was nitroparaffin a significant rate
decrease occurred because the nitroparaffin is partially in
acid form and hydrogen bonding with the solvent Vlould lower
the rate. The low polarity and concentration of piperidine
was considered insufficient to drastically alter the solva-
tion of the transition state.
Piperidine participates in the decomposition of the
intermediate complex I (Figure 2). Normally the substitu-
tion of chloro, bromo, or iodo compounds proceeds so slowly
that it is impossible to make any clear statement about the
subsequent steps in the mechanism. The rate constant k"
(e tion 2) was shown to include the base catalyzed decom-
sition of t inte iate If because when r ine,
/ ) )l' B, ) 2d(11) dt::::: k'(ArX)(B + k"(ArX ( 2 )
unreactive with 4-nitrofluorobenzene under e rimental
conditions, was the rate of reaction increased In pro-
portion to e pyridine concentration introduced. A s lar
mechanism is p s Br and Cropper (69) to e lain
the catal is of 2,4-nitrochlorobenzene wi i atic amines.
second pa (Fi 2) favors transfer of a proton
base to a strong se. is tint
ate I is unchar d eco ses to e oroduct s ~ For
OZN-( }X + O kl eo@O·- x k2 0 \, OHN ..•.•. ::;- .o~ . ;' 0z N ' 'I NtH<t> + xek_ t e ~)'l~)k-2. -
I H II
+k: Jt k_a
e.O'~o-...XO.....60' N.
III
k~
k_4
FiGure 2. Paths of reaction of 4-nitrohalobenzene with piperidine (ref. 8).
f-'
~
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fast reactions this base dependency wou Ld lie within the
range of measurement error.
A minute addition of DMSO to the NFB reaction run
in benzene produced a significant rate increase. Since the
dielectric constant of the pure solvent was almost the same
as the benzene-DMSO mixture, Suhr c.oncluded that the high
rate in DMSO cannot be attributed solely to high solvent
polarity, but some other factors must also be operating.
For reactions of uncharged compounds, charge separation
occurs in the transition state. Non-polar solvents such as
benzene do not strongly participate to any extent in transi-
tion state solvation (68).
Suhr concludes that susceptibility to base catalysis
can be related to high reaction rates in DHSO, DHF, and
m4AC since these solvents are basic enough to remove a proton
from the intermediate. The hi rate of reactivity in these
solvents cannot be explained by polarity. Finally, in
moderately polar solvents, where kf»k", the rate will be
determined by base catalyzed decomposition of the inter-
mediate. In strong polar solvents the formation of the
inte iate should be the rate determin
Bernasconi et al. (61) measu
step.
the rates of reac-
tion 2,4-dinitrofluo enzene and 2,4 trochloro-
benzene with pi r as influenced the addition of
d thylsulfoxi -dioxane. The reaction was catalyzed
much more st ly DNSO an i ne, but about the same
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amount as by l,4-diaza-(2,2,2)-bycyclooctane. DMSO was
shown to be much less basic than pyridine in benzene. There
was a change in the dependence on piperidine concentration
with the addition of Dr'IS0, which indicates a medium effect
is operating. The reaction of 2,4-dinitrochlorobenzene with-
piperidine is known to be insensitive to base catalysis.
It is nevertheless accelerated by DMSO indicating once again
that the operation of a medium effect is the primary factor
in the rate acceleration and not simply base catalysis. It
was only possible to measure gross medium effects through the
half reaction rate constant k l.
The authors indicated that it is difficult to inter-
pret the action of DMSO. As is well known, DMSO is a rather
poor solvent for small anions, but a relative good one for
large an and di lar structures with the negat charge
caliz as in transition state. y concl
that a
icated
ecific solvation of the transition state, as
(1) of Fi re 3, is the most probable rm of
such solvation. For stigation of 4-n rofluoro
zene by Suhr (68) a s lar t of structure is a s surneo to
operati , as represented in (2); assuming that in this
case two or more mo es of DMSO can lie between t
tive negat centers of the transit n state.
e small increase in the rate of reaction for 2,4-
dinitrochlorobenzene in loroform a in 2- e let 1
thro nitro gro b i, l res 1e a s iEio solvation
17
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Figure 3. Specific solvation of the 4-nitrohalophenyl
piperidinium and 2,4-dinitrohalophenyl piperidinium
intermediates by DMSO (ref. 61).
CH\@ el a&
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Figure 4. DMSO-amine and amine-amine hydrogen
bonding (ref. 71).
In par-
lS
caused by the nitro group oxygen as reported by Bunnett and
Garst (70) and not be dependent on base catalysis.
ticular, the basicity of the nitro group is still approxi-
mately a factor of 10 less than that of OMSO.
Another interpreta tion (71), in which 01"1S0 forms a
hydrogen bone complex with the amine (1) of Figure 4 and
thereby the reactivity of the nucleophile is increased,
would indeed satisfy the known experimental fact that both
4-nitrofluorobenzene and 2,4-dinitrochlorobenzene are
catalyzed by OMSO. Then one would expect that piperidine as
the stronger base would correspond to a better hydrogen bond
acceptor, and from this a still stronger nucleophilic agent
(2) would result. According to is, piperidine should
cata ze considerably not only the reaction of 4-nitrofluro-
benzene but also that of 2,4-dinitrochlorobenzene. This is
not the case, so that such an inte tation cannot be en-
visi For lS of reaction K bury (63) has
propos a DMSO ca lysis invo po ization of the s
strate by a DMSO molecule fall by rapid nucleo-
i1ic att on act d s ies to explain the rate
ase in this stem.
increase in the reaction rate when the so t
is ch from e anol to o can be v as a crease
in free ener diE rence between e reactants a e
transition state, ere
bG - T S ( 3)
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Or in simpler terms, this rate increase is attributed to a
stabilization of the transition state.
There is a general tendency for t +and T~S' to com-
pensate each other (72). When this occurs the observed
change in ~Gt is not as large as that of the enthalpy or
entropy. Kinetics alone cannot be used to describe this
compensation effect. The actual explanation must be found
in a description of solvent-solute interactions. Thus any
effect which produces strong binding between a solute mole-
cule and solvent molecules will lower the enthalpy. At the
same time, this will restrict the vibrational and rotational
degrees of freedom of the solvent molecules and lower the
entropy. Since the trans ion state can occur at any point
along the react coordinate (i.e., resemble reactants or
ucts) and its formation and decomposition is fluenced
nature of entering and leav group as we Ll as
steric effects and solvent-solute interact n including
electrostatic (ion-d f dipole ipole) f hydrogen bonding,
di rsion forces and structure making and bre l , isola-
tion of any particular factor
comes extremely difficult.
label as an effect be-
The rates of a react two different solvents
can be rmulat terms of solute reaction rate eory
solve n t act .i v .i t ~r co e f f .i,c .i e n t s 0 f the scie s
( 73) .
For e react
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(4 )
(5)
( 6 )
rate = rAJ [B] ( 7)
K
S
= KT kt
11
o s7\ 0 sBY i-.. Y (8 )
0ySi of the standard solvent is unity by definition,
K O KT "'= k !11
as.;..
y X
( 9)
(10 )
g K = log
(11)
The chan s in solvation that occur upon transfer
from ethanol to DMSO are changes in chemical paten al.
Even though solvation energies of an ns are rox
ly one a r of it ater an for polar
mo ules, the solvat n ene rence of a solute (i)
two solvents greater r a polar DO e r
an n. A polar solute would be cted to be Dare salle
in DHSO than ethanol.
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This lS indeed the case for dinitro-
halobenzenes which are more soluble. Ln O',1·S0. rTt-. d i 1
-'- 1 ,AIUen a lPO ar
aprotic solvent like Dr1S0 accommodates a polar solute into
its solvent structure, the chemical potential would be
lowered i.e., solubility increased, charge dispersal in-
creased.
If the log 0ySRX term of equation (12) is negative
this indicates that RX is more strongly solvated by ONSO
than by ethanol (8). While, according to Parker (8), this
can serve as indicator of relative solvation for a glven
substrate, determination of individual activity coefficients
is nearly impossible. To simplify the problem Parker (8)
and others (74) have introduced a number of extrathermodynamic
assumptions.
One such assumption lS termed the large anion-large
molecule assumption (8) and Band C are selected so that
interactions within a given solvent, other than electro-
static,
are approximately the same.
(12 )
Preferably B is very large
with the negative center buried beneath ligands or non-
localized. In this case, for transfer to a solvent of the
same dielectric constant electrostatic
remain relatively constant.
ractions will
Several systems have n used as Is to
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represent this assumption, including the mono- and
dinitrohalobenzenes as shown below in Figure 5. In this
model the halide ion is a strong hydrogen bond acceptor and
the transition states (2) and (4) are weak hydrogen bond
acceptors. o S .1-Changes in log y RX' would be due to entering
and leaving groups and steric effects.
For reactions of the type represented in Figure I,
if the transition states (2) are not hydrogen bond donors,
the rates of reaction for polar molecules wi.Ll, not be greatly
enhanced when changing from a protic to dipolar aprotic sol-
vent of similar dielectric constant but different polarity
( 73) • Hence transition states like those in Figure 5
complicate the reaction because of acid-base equilibria and
~~e fact that the transition state is now a good hydrogen
bond donor (73).
p r indicates .... . .an ex<.-enS1.ve review (8) of the
ef cts of protic-dipolar rotie solvents on the rates of
molee ar reactions for reactions, transit
states with seconda (Figure 6), as dist t from
those for reactions of terti amines and dial 1 sulf s ,
are stro r hydro n bond donors to the hydrogen
attached to e posit nitrogen, and as such are more
so t by s solvents like DMSO an
by methanol or e anol.
If bo break were s ificant r S reactions,
ere would a localizat t cha e on e
HalON02
N0 2
Hal
o
3
HaGI.Y.
_ \. NO z
t J
.... -:>
N0 2
2
4
-----=
o s
YArX
-----=1
°1$ ArYX t
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° S -Y B
Figure 5. The large anion-large molecule assumption:
= 0ysC (ref. 8).
H
r
R2N~ X
Figure 6. SNAr trans ion state ~ith a secondary
amin e (ref. 8).
leaving halogen in the transition state. This would make
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fluoride a much better hydrogen bond acceptor transition
state anion than iodide bearing an equivalent charge. Hence
the6 h a l(log 0ySt) , when s is a dipolar aprotic solvent and
o is a protic solvent, should be more positive when the
halogen is fluorine as compared to iodine. The polarizabil-
ities also enhance this expected trend (8). But in fact the
6h a l effect is the opposite, with iodide being less negative
than fluoride for the transition states compared (8).
Parker concludes from this that a tight SNAr transition state
anion, in which the leaving group carries very little nega-
tive charge and bond breaking has made very little progress,
is consistent with the experimental evidence. In this case,
bond forming with the incoming nucleophile is the rate
determining step.
p, v w of ac and base interactions was developed
in the 1960's by Pearson (75) ch an acid is defined as:
a unit in ich at least one atom has a vacant orbital in
which a pair of electrons can be accommoda a base
as: a unit which has at least one pair of electrons which
are not alre being shared in a covalent bond. The pr
c 1 of h and so ac s and bases is founded on
rical observat n. In 5 stem ases are classif d
as hard, 50ft, or borderline de nding on whether they Dre-
r to bi w i. th the rd ac e so acid CB.,H
J
or
exhibit inte iate behavior. i Le in 1 ike fash
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acids are classified as hard, soft or borderline depending
on whether they act like the hard acid H+ or the soft acid
+CH3Hg. The terminology of hard and soft acids and bases
(HSAB) reflecting the broader concept involved is more
general than Lewis acid base theory. Through this approach
hard and soft acids and bases can he v i.ewed in terms of
polarizability, size, electronegativity or other properties
which permit qualitative and semi-quantitative comparison
(76). Thus the principle of HSAB has utility in discussing
reaction rates and offers some predictive ability with re-
gard to reaction rates (76).
In the following scheme (Figure 7) the general acid
base interactions for the kinetic reaction type of interest
are described.
B' +A
2 3
Fi 7.
transition state,
Simple acid-base scheme for SNAr reactants,
an d Dr0 d u c t s (re f. 7 7, 7 8) .
J..
The trans ion state B 1 :A:B can be considered an acid-base
complex: A is an electro ile; Band B' are nucleophiles.
ly g the te nol of HSll,B "hard electrophilic centers
(a c s) react with hard nucleophilic centers (bases)
soft elect ilic centers react rap ly th soft nucleo-
iles (76,77,78). The ac ase c lex (Figure 7) has an
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increased coordination number and slightly longer bonds
than the reactant A:B. The same considerations that pre~
dict the stability of acid:base complexes in general should
also predict relative reaction rates, that is, an increased
coordination number places an increased negative charge on
A and makes it softer. As a corollary it can be stated
that softness is more important in rate than equilibria
phenomena.
For the reactions in this study, polarizability is
probably the most important factor affecting reaction rate
( 79) • From the preceding discussion, for the reaction be-
tween piperidine and 2,4-dinitroiodobenzene piperidine can
be considered a borderline nucleophile; the 2,4-dinitrophenyl
cation can be considered a soft electrophile; the piperi-
dinium ion, a hydrogen bond donor, can be cons red a hard
ac ; and the leavinq h ides are: chloride hard, bromide
borderline, and iodide soft.
H acids coordinate best to the lightest atom In
a family. This means the piperidinium ion would form
increasingly stable complexes with the halogens in the 1-
lowing 0 r Cl>Br»I. On the other hand so aci coor-
dinate st to one of heav r atoms in the same f ly.
In 0 er words,
st l
2,4-dinitrophenyl cation coordinates
n as evidenced by its slow rate of
replacement (3). Work Pa r (8) l icates t reaction
o r of neutral rea ents th 2,4 itrohal enzene
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remains unchanged, Cl~r»I, when going from protic to DPA
solvents.
G. M. Bennett (80) synthesized 2,4-dinitroiodoben-
zene in 1939. Sodium iodide and 2,4-dinitrochlorobenzene
in ethylene glycol were heated for 30 minutes resulting in
a 30 percent yield. Bunnett and Conner (81) improved
Bennett's procedure by using N,N-dimethylformamide, instead
of ethylene glycol, as the reaction solvent, which resulted
In a 70 percent yield of 2,4-dinitroiodobenzene (DNIB).
They also found that increased refluxing time resulted in a
decreased yield. It is interesting to note that an in-
creased yield was obtained by changing the reaction solvent
from a protic solvent to a dipolar aprotic solvent,
dimethylformamide.
CHAPTER III
EXPERIMENTAL DESIGN AND CALCULATIONS
I. Experimental Design
The problem was to determine the rate of reaction
by measuring the change in conductivity of the reaction
system after known times had elapsed from zero time. To
determine the Arrhenius parameters the concentrations were
-4 -3
varied over a range of 8.33 x 10 - to 7.0 x 10 moll! and
the temperature was varied over a range of 10°C.
Apparatus and preliminary work. In this study, a
Mo 1 RC~18 Conducti ty Bridge from Industrial Instruments,
Incorporated was employed. The instrument consists of a
Wheatstone bri circuit incorporating an oscilloscope
detector, A.C. circuitry r 1000 or 3000 Hz, decade dials
rmitting a max cell res tance of 111,111.1 ohms or
11,111.11 crornhos conductance f a resistance or conductance
mo switch se ctor, a sensit i regulator, Wagner ground,
coarse and fine vari e capacitors to balance 001 1....... __ ........ .L
c acitance and there
at hi er sensitivities
possible more accurate re
an instrument ground to eli
as
ate st fields which would 0 ise cause distu ances on
the oscillosc contribute to a s of sensitivi
measuring e null into This instrument has a maximum
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precision of 0.1% (82).
A double throw switch was connected between the
instrument and the cells permitting readings to be taken
from either of the two cells without removing the leads
from the cells. All connections were made as short and kept
as far apart as poss ible. 1;\loven copper shielding was used
to shield all connections and grounded to a water pipe (3).
Koh1rausch type cells were used. CellI was con-
structed with the electrodes small, circular and far apart
for measuring solutions of medium conductance. Cell 2 was
constructed with electrodes large, concave rectangular, and
close together for measuring solutions of low conductance.
Cells similar to those used in this study are listed in the
Fischer Catalogue (83). The cell constant of cell 1
(catalogue no. 9-366) had an roximate value of 1.3
reciprocal ohm-centimeters while the cell constant of cell 2
(catalogue no. 9-367) had an approximate value of .17
reciprocal ohm-centimers. Both cells incorporated mercury
filled side arms to provide a connection between the
electro s
A Sa
the external leads.
nt Constant Temperature Bath (catalogue no.
5-84805) wa s us in this study r all measurements at
a Thermocon-
25.0 0C and 35.0°C. This
Thermore lator (cata10
stem is equi
no. 5-81840
wi a '~ercuria1
troller (ca a no. 5-81995) wi ti coils of 400
wa t.t.s , 300 watts and 250 vra t t.s precise control of e
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temperature. The heating coils were balanced by a coolina
coil which was connected to the tap water. A needle valve
was used to regulate the tap water flow rate. When the
temperature of the tap water exceeded 25.0 oC, it was
cooled in an ice bath before entering the cooling coil.
The mercury arms were cleaned periodically to pre-
vent high resistance in this connection that would cause
erroneous readings. The cleaning procedure consisted of
discarding the mercury in the arms, filling the arms vii th
dilute nitric acid, which was allowed to react until the
solution stopped effervescing. Next the arms were rinsed
with distilled water followed by acetone. Final drying of
the arms was done by placing a small hypoderoic needle con-
nected to a vacuum into each arm for at least f i.ve minutes.
The arms were then filled th fresh mercury.
The platinum electrodes were platinized to el
ate the polarizat n effects associated with an ac field.
The cells we fill with a solution of aqua regia and the
elec were allowed to react until they appeared to be
clean (i.e. until the ous plat black was
and the surface appeared shiny). The cells were rinsed
thoroughly w distilled water and then filled with
chloroplatinic acid solution (3.0%) which conta a trace
of lead acetate (0.02 (19). T,.;o 1.5 v cry cells were con-
nect in series with a eostat an arome t.e r to r late
plating current to a few tenths of an reo e
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electrodes were evenly plated by· reversing the cur·r.e·nt· every
thirty seconds. After plating, the cells were rinsed seven
times with sulfuric acid (6N). On the seventh filling with
acid, the cells were connected to the dc circuit used for
the plating and the current increased until a steady gas
evolution was observed at the electrodes. The current was
reversed every minute for thirty minutes to remove any
chlorine gas which might have been present from the preced-
ing procedure. The cells were finally rinsed a minimum of
four times with distilled water, filled with distilled water
and left at room temperature for at least four hours (2,3).
Determination of cell constants. The cell constant
is a function of the area of ~~e electrodes and the dis-
tance between them. The reproducibility of the measuring
system was determined by calculating the cell constant both
before and after the rate studies.
Conductivity water was prepared as follows: dis-
tilled water conta ing a few crystals of potassium perman-
ganate to ox ize any organ matter present was redis-
tilled collec warm in a polyet lene batt A stock
solution of 0.1000 M potass chloride was prepa using
the conductivity water. In turn, solutions of 0.0100, 0.0050
and 0.0010 M potassium chlor
the stock solution.
were prepared dilution of
The cell constant K ion 13) is de ndent on L,
the specific co uctance of rticular ns sent
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R, the resistance of the solution.
K = L x R (13 )
The specific conductance is the conductance of the material
between parallel plates one square centimeter in area and one
centimeter apart (84). Table I lists the specific con-
ductances for standard potassium chloride solutions at
25.0°C (85).
Tl\BLE I
THE SPECIFIC CONDUCTANCES OF VARIOUS CONCENTRATIONS
OF POTASSIUM CHLORIDE AT 25°C
Specific
Conductance in
KCl,l.'1 mho/em
0.00100 0.0001469
0.00500 0.0007175
0.01000 0.001413
cells were stored filled with the conduct ity
water bo before and after using the US salt solu-
t ns and were rinsed ree times with each concentration
before measurements were
cells were fill
on each concentration.
tassium chloride solutions and
e
thermostated at 25.0°C. After rature uil rium was
established, as ev enc nearl constant re l Sf
10 re en on ts of ea
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concentration. The average resistances were used to
calculate the cell constant for each cell.
The volume of each cell was determined so that solu-
tions of the desired reactant concentrations for each cell
could be prepared. The volume for cell I was 40.0 ml and
for cell 2 the volume was 20.0 mI.
The 2,4-dinitrochlorobenzene reaction in ethanol
(ETOH). In order to become familiar with the measuring sys-
tem and also check the reproducibility of the work of both
Frank and Berkland, their 2,4-dinitrochlorobenzene (DNCB)
solutions were prepared and reacted with piperidine in
ethanol.
Following the procedure developed by Frank and
Berkland, the 2,4-dinitrochlorobenzene solutions were pre-
pared order that 30.0 rol in cellI and 10.0 rol in cell 2
contained the red number of moles. The numbe r of moles
used in bo cells was 0.0010 mol, 0.0020 mol and 0.0025 mol
which correspo ed to 0.0333, 0.0667 and 0.0833 moll ln
cellI and 0.1000, 0.2000 and 0.2500 mol/£ in cell 2. The
piperidine was ared so that twice the number of moles of
2,4-dinitrohalobenzene would be sent in the cell to react
with the substrate a second order reaction. Eastman
re t grade 2,4 itrochlorobenzene, recrystalliz
ethanol (mp , 51-52°C), was placed a 250 ml. volumetric
flask r cell 1 a 100 ml flask r cell 2. rox te-
15 a mL 0 f 95 96 anol '(Alas for cell 1 50 r
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cell 2, followed by gentle warming on a steam bath to in-
crease the rate of dissolution (2,3). The flasks were
placed in a 25.0°C bath, equilibrated, and diluted to the
mark. Volumetric flasks were calibrated to contain the de-
sired volume at 25.0 oC. Piperidine was weighed out and
placed in a 250 ml volumetric flask, 95% ethanol was added,
equilibrated at 25.0°C and diluted to the mark with ethanol.
The solutions of 2,4-dinitrochlorobenzene were stored in
polyethylene stoppered glass reagent bottles. The piperi-
dine solutions were stored in volumetric flasks.
The following general procedure (2,3) was used in
1 .maK~ng runs. To the cells were added the required volumes
of 2,4-dinitrochlorobenzene solution; 30.0 ml to cell I and
10.0 ml to cell 2. The cells were equilibrated in a con-
stant temperature bath at the desired temperature. A 10 ml
hypodermic syringe containing the appropriate piperidine
solution was immersed in the bath for at least 10 minutes.
Prior to Lmme r s i on a small piece of polyethylene tubing wa s
fitted over the tip and shaft of the needle, which prevented
water from entering the syringe. The syringe was removed
from the water, wiped with an absorbent towel, and carefully
jected into the cell to avoid air bubbles, which could
cause errors in the first few readings. A stop watch,
gradu to one-hund th of a minute, was started as
cell was injected and re t n at set conductances
for t s less than one nute. For re of 30 tes
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or less the stop watch was used and a wrist watch for longer
times. The reactions were run at 25.0°C.
The conductance of the 2,4-dinitrochlorobenzene
solutions was negligible, as a result, the zero time con-
ductance of the piperidine solutions was used as the con-
ductance at time zero when the reactants were mixed. Time
infinity for the reaction was measured after a number of
half-lifes, normally 24 to 50 hours after the reaction was
run. After following the reaction progress for several
half-lifes the reacting mixture was transferred to a flask,
sealed and kept in the constant temperature bath from I to
2 days at which time the infinity conductances were measured.
On several occasions the formation of large
crystals of 2,4-dinitrophenylpiperidine in cell 2 was ob-
se This phenomena occurred only cell 2 at concen-
trations of 0.0020 and 0.0025 mol of 2,4-dinitrochloro-
benzene. The la organge crystals which formed on the
platinw~ black surface of the electrodes and the internal
cell lead wires to orient in the magnetic field.
crystals were firmly attached to the electrode surface
causing trouble in cleaning the cell, several rinsings with
warm ethanol were required, and additional t was needed
r pre rat n tween runs. Erratic gs for cell 2
at concentrations of 0.0020 and 0.0025 rna cell volume
after several hal lifes necessit latinizing the cell.
re cons tent re gs were tained follow
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replatinization.
Reactions in dimethylsulfoxide (D1:180). The general
procedure used to determine the reaction rate of 2,4-
dinitrochlorobenzene in ethanol was used for the reactions
in DI18 0 . However, because of the toxic nature of D~lSO and
the reactants, precautions were taken to prevent contact
with the skin. Polyethylene gloves proved very effective
for the work of handling and preparation of solutions.
The conductivity of DMSO (Fischer reagent grade) as
-7 -1-1
received was 7.4 x 10 (ohm em ). The DMSO was purified
by vacuum distillation, under a nitrogen atmosphere with a
nitrogen bleed and heated by an IR lamp, from calcium
hydride, discarding the first 200 ml of distillate and col-
lecting over molecular sieves (86). The specific con-
-7tance of DMSO purified in this manner was 3.0 x 10
, -1 -1(onm em ) at 25.0°C. This compares with 0.3 x 10- 7
_1 -1(ohm ~cm ~) cited in the literature review. An IR spectrum
of the distilled D~lSO d not exhib the aracteristic
-1O-H bond stretching frequency of water at 3500 em .
Eastman Kodak (C.P. ade) piper ine (250 ml) was
refluxed wi.t.h ium metal for 6 hours to remove water. The
piper e was then distilled from sodium under reduced
ssure collect over molecular sieves (87) reject
the first 50 ml. The IR ctrum of the distill p
d e did not display t
-1
of water at 3500 em .
aracteristic O-H stretching band
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At first several test reactions were run at various
concentrations to determine a suitable working concentra-
tion range. For cellI with 0.0010 mol/cell volume, the
reaction proceeded so rapidly, that in the time necessary
to make the first measurement the reaction had gone to com-
pletion. Solubility of 2,4-dinitrohalobenzenes was no
problem, but the faster reaction rate required more dilute
solutions than those used by Berkland (3) in order to fol-
low the reaction conveniently. Eventually concentrations
-5 -5 .-5
of 2.5 x 10 , 5. a x 10 and 7.0 x 10 mol/cell volume
were selected. For cellI the concentrations were 8.333 x
-4 -310 r 1. 666 x 10 and 2. 333 x
concentrations corresponded to
-310 mol/L
-32.5 x 10 ,
For cell 2, the
-35.0 x 10 , and
-37.0 x 10 mol/. Fiper ine solutions in miS0 were pre-
to contain 5.0 x 10- 5, 1.0 x 10- 4 and 1.4 x 10- 4
mol/lO mI. A Chan e ctrobalance was used to weigh out re-
nts, since the quanti to be weighed was less than 0.2 g.
Pi ridine wa s measured volumetrically by using a 5 ml
itative buret wi an error of ± 0.001 mI.
Solutions of halo-compounds were light yellow in
color, but more intense than the ethanol solutions, though
ss concentrated by a factor of 10-2. The CO r of these
DHSO solut s ared to the unaided eye to become more
ense over t A fresh solution was ec1
lmffiediately pIa in conductance cell a con-
ductance ch e was monitor The c ance
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slowly over a period of several days. The specific con-
ductance for the same number of moles in cell 1 and cell 2
were comparable. Suhr (66) makes no specific reference to
the color or stability of the E-nitrochlorobenzene solu-
tions he examined. A solution of p-nitrochlorobenzene in
DHSO was prepared. It displayed the same color development
as the 2,4-dinitrochlorobenzene compound of this study. A
portion of the 2,4-dinitrochlorobenzene solution was diluted
with 25 volumes of cold distilled water. The recovered
material was dried and had a melting point of SI-52°C. This
plus the pale yellow crystalline appearance of the recovered
material indicated it was the original reagent 2,4-dinitro-
chlorobenzene.
Several runs were made with the 2,4-dinitrochloro-
benzene in DMSO after the solution had reached a maximum
zero conductance value. Reproducible results were obtained.
A plot of time versus the log of the conductance for the first
few minutes of a run yielded an intercept equivalent to the
meas c , whi
o
was the sum of the piperidine and the
2,4-dinitrochlorobenzene in DMSO. Since no secondary reac-
tion products were found that interferred with
ciple reaction, the rate stud s were performed.
prin-
The conductance at zero t lS dependent on the
concentrat n of the two reactants. To ermine the sep-
arate contribution of each reactant, each was pI in
cell 1 cell 2 and diluted to e carres nding cell
volume. The 2,4-dinitrochlorobenzene was found to be the
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major contributer and the piperidine contribution was
minimal. The infinity time conductances were determined
after a period of 12 to 24 hours, since the reaction half-
life was so short an extremely large number of half-lifes
would have occurred during this period of time. Infinity
readings were taken on several solutions in order to obtain
an average value.
The procedure used to make runs was the same as that
described for the ethanol reaction, except that much shorter
times were required to reach 80% reaction completion. The
time necessary to reach 80% completion ranged from 40
minutes at 25.0°C to 20 minutes at 35.0°C for the 2.5 x
-510 mol, 2,4-dinitrochlorobenzene solutions. There was no
apparent chan in the individual conductance values be-
tween runs which could be attribut
water or secondary reactions.
to the introduction of
Since rep ucible measurements we r e obta for
the chloro-reaction, the bromo and iodo solutions were pre-
pared and reacted llowing the same procedure at 25.0°C
and 35.0 oC and the chIaro reaction was run at 35.0°C.
Fischer (white I el; reagent grade) 2,4-dinitro-
bromobenzene (DNBB) was dr d in a vacuum siccator and
us direct mal< the solutions. The actual concentra-
tions us were t same as those listed earl r for
2,4-dinitrochlo enzene solut r ce 11 1
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cell 2. The piperidine solutions previously prepared for
the chloro-reaction were also used for the bromo reactions.
The time necessary to reach 80% completion was 30 minutes
at 25.0°C and 20 minutes at 35.0°C for the 2.5 x 10-5 mol
2,4-dinitrobromobenzene solutions in cellI. Color develop-
ment upon making the solutions was .s Lmi.Laz to that for the
chIaro-reaction.
Following the improved procedure of Bunnett and
Conner (81) 2,4-dinitroiodobenzene was prepared. To 200 ml
of N,N-dimethylformamide was added 166.00 g of potassium
iodide (1.00 moLe ) and 40.5 g of 2, 4-dini trochlorobenzene
(0.20 mole). This mixture was refluxed with stirring over
an open flame for 15 minutes. The hot mixture was poured
over ice; t.h e brown precipitate collected and recrystallized
three times from 95% ethanol. The yield was 19 g giving a
% yield of 32. The mp was 86-87°C compared to 88.S-90 Q e
reported by Bunnett. The mp when recrystallized from
ethanol is 88°e (88).
The iodo reactions were run under the same condi-
tions and concent ons as employed for the chIaro and
bromo analogs. The time necessary to reach 60 to 70% reac-
tion completion was 90 minutes at 2S.0°C and 40 minutes at
35.0 aC for cellI. The slower rate of reaction measure-
ments easier to an r the chloro bromo reactions.
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II. Calculations
The reaction velocity or rate of a chemical reaction
can be expressed as the rate of change of concentration
with time, dC/dt, at a constant temperature, where C is the
concentration of the reactant or the product. When defined
in this manner, a proportionality exists between the rate
and the concentration of the reactants (89).
The reaction rate can be equated to the reactant
concentration if a proportionality constant k is multiplied
by the product of the reactant concentrations. The propor-
tionality constant k is the reaction rate, specific rate, or
rate coefficient when the reactants are at unit concentra-
tions. The dimensions of the rate constant k, are
l-n -1(moll Z) - sec , where n is the order of the reaction. The
order of reaction i icates the manner in which the rate
depends on reactant concentration. It is not the same as
"molecularity" which concerns the number of molecules
entering into an elementary reaction. For example in a
second order reaction the rate is proportional to the pro-
duct of two concentrations. Each concentration can be varied
indepe ent1y and an influence on the rate is observed.
Thus the reaction order (n t) is two (c.f. equations 14-17).
aA + bB 1$ cC (14)
rate
a . b
= k[A] x [B] ( 15)
a = b = 1
n t = a + b = 2
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(16 )
(17)
This does not necessarily indicate the number of molecules
interacting at some point in the mechanism, though a
second order reaction may be bimole~ular.
The reaction between 2,4-dinitrohalobenzene and
piperidine in 95% ethanol is second order (5). The reac-
tion proceeds in at least two steps (Figure 8), where
X represents the halogen substituent.
The rate for this type of reaction can be formu-
lated as:
~ = k(a-x) (b-2x) ( 18)
The quantities (a-x) and (b-2x) are the concentrations of
the respective reactants at any time t during the reaction.
To simplify this calculation, let b = 2a, since two mole-
cules of piper ine take part in the reaction, then the
above expression (c. f. equation 18) becomes equation (19)
~.~ = k(a-x) (2a-2x) (19)
= 2k(a-x)2
rearrangement of (20) y Ids (21) I
( 20)
= 2kdt (21)
inte ation of (21) yie s (22) I
eQ)t""0
~o T X- + BHQ)
NOz
N02
k2
RI R2
\/ e oe
N......
I ~o + HX----::) II
RI R2
\/
X N$-H
(t) oe/'N,09
----
k-I V
N02
(Base B! k3
RI R2
"/
X N e(1).....0
N,OS + fast ~
+ BH
(f)08
N'"~O k l
).
ow
x
N02
RI R2NHT
Figure 8. Paths of reaction of 2,4-dinitrohalobenzene with a primary
or secondary amine (ref. 90).
,{:>.
w
1 1
= 2kt +(a-x) a
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(22 )
where lla is the constant of integration, (t) is the time,
a is the initial concentration of 2,4-dinitrohalobenzene,
and x is the concentration of either one of the products.
Equation (19) is now linear and a p~ot of the reciprocal of
the concentration, l/Ca-x), versus time (t) would yleld a
straight line with a slope of (2k) •
As the reaction in Figure 8 proceeds to completion,
the concentration of the reactants decreases and produces an
increase in the number of ions in solution. Conductivity
can be employed to measure this change in reactant concen-
tration. The conductivity of any solution is dependent
upon the amount and type of each ion present. The equival-
ent conductance (A) represents the conducting power of the
ions produced by one grarr,-equivalent of electrolyte/~ of
solution can be expressed by equation (23).
A = lOOOLc (23)
L is the s cific conductance of the ions present
and c is the concentration in gram-equivalents/l (84). The
s ific conductance L equals the ce constant K mul plied
by the conductance C equat n (24). The units
-1 -1
ohm cm .
L = KC
Care
(24)
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Combining (23) and (24) yields (25),
!l.c
1000 = KC (25)
which can be rewritten as (26)
!l.c
1000K = C (26)
assuming Kohlrausch's law of independent migration of ions
at infinite dilution to be applicable to the system of
interest (84). Then the equivalent conductance at
infinite dilution is due to each ionic species (equation 27)
where (lc) and (la) are the conductance due to the cation
and anion respectively (84).
11.==1 + 1
c a
Equation (26) can be written as (28) by using (27),
(27)
where C
n
1
n
K
C
is the concentration in gran-equivalents/2
for each ionic species, (n=l , 2,3---) ,
is the equivalent conductance for each ion
(n=1,2,3---) r
is the cell constant, and
the total conductance of the solution.
In the reaction between 2,4-dinitrohalobenzene and
piperidine, the three conductances in terms of the equival-
ent conductance of each contributing s cies t must be
determi are:
where
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C is the conductance of t.he. cell at time zero,0
Ct is the conductance of the cell at time t,
C is the conductance of the cell at egui libr i um,00
subscript I designates the conductance of the
piperidine/
subscript 2 designates the conductance of the
product 2,4-dinitrophenylpiperidine,
subscript 3 designates the conductance of the
product piperidinium ion, and
subscript 4 designates the conductance of the
product halide ion.
By subtraction of Co from both Ct and Coo and division of the
proper terms, an expression results (equation 32) in which
the cell constant and equivalent conductance are eliminated
x
== .-...
a
(32)
and (x) is the product concentration at time (t) and (a) is
the initial concentration of 2/4-dinitrohalobenzene reagent.
The ratio Ct - C /C~ - c equates a change in conductance'-"" 0
with a change in the substrate, specifically product concen-
tration. This ratio is actually a measure of the percent
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reaction completed at time t and multiplying thls by the
initial concentration a gives the concentration at time t,
or the reactant concentration, since the concentration of
the remaining reactant (R) is obtained by subtracting the
product concentration (F) at time t from 1. Solving equa-
tion (32) for x and substituting into equation (22) yields
equation (33).
c
00
c
co
- C
o
- Ct
== 2akt + 1 (33)
Equation (33) indicates the reaction rate can determined
through the measurement of the change in a physical property,
conductance, with respect to time. Since equation (33) is
linear, a plot of the conductance ratio C - c !e - Ct00 0 00 •
aga st time in minutes should yield a straight line with a
slope of 2ka and y intercept of 1.
Conductance and time measurements are subject to
experimental error. This error is carried over in a plot of
the conductance ratio against time (c.f. ecuation 33). The
method of least squares was used to obtain the best straight
line parameters through the plotted points (91). The slopes
(36) , were calculated for all data.
(34) r
2(r ) ,
y-inter s (35), and coefficient of determination,
51 == 2ka ==
n l (L. ( 34)
y-intercept =
nI(x2 ) - I ex) 2
-2
ny
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(35)
.... 2 - 2LY - n y (36)
In these three equations (x) is the time in minutes, y is
the conductance ratio, and (n) is the nuraber of data points.
tS) is the slope, usually designated (a) in the straight
line equation, and (b) stands for the y-intercept. The
coefficient of determination will be smaller than (r), the
correlation coefficient. The coefficient of determination
(92) is the ratio of the explained variance in (~), in this
case the conductance ratio, divided by the total variance in
(y) and therefore provides a truer representation of the
unexplained variance.
A computer program (Appendix I) was written to cal-
cuIate the following: 1) the average conductance C~ atc...
each time for a series of four runs, 2) the standard error,
or precision of the mean
4) the conductance ratio
C
t
, 3) t.h e
C - C !C
00 0 00
95% confidence interval,
- Ct, 5) the slope,
y_ tercept, coefficient of determination, half-life,
reaction rate, and reaction order with respect to time, and
6) the % reaction camp ted at each measured time.
Variance and the 95% confidence interval were used
to express co
• J::
measurement errors for a serles OL
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four runs. The 95% confidence interval is 1.96 times the
variance. When used for a small number of observations,
ten or less, these two measures provide a more reliable
indication of the error than standard deviation which is
based on a large sample, in theory infinite (91).
Assuming a normally distributed population, equa-
tion (37), where sm is the variance, S is the standard
deviation of the sample, and N is the nQmber of observa-
tions, provides an estimate (93) of the deviation of the
determined mean from the true population mean. The true
population mean will be within a range of ± 2 sm of the
determined mean 68% of the time.
s =
m
S
,I1"f"
(37)
In conjunction with this, the 95% confidence interval, equa-
tion (38) I where t.he width w is the highest value minus the
lowest value in the sample, indicates the true value will
lie between the average value ± Sw with the stated confi-
dence.
The value of k for two,
\'1
three, four, +'"Llve,
(38)
and six readings
is 0.89, 0.59, 0.49, 0.43, and 0.40 respect ly. As
th k fa c t o r decreases (93).number of readings increases ~ e w
For measurement times less than one nute, error
was
- t ns of a m. inute since pre-setr e s s e d as trac --
conductances were used to follow the reaction.
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These time
error measurements were expressed as conductance term
variance by calculating the chancre i.n the
_ -'- pre-set con-
ductance per change in time (Appendix I) .
The half-life of a reaction is the time required
for half of a substance to react. By substituting ~a for
the concentration term (x) in the integrated rate equation
(22) the following equation results:
1
=2ka
1t~ = Slope (39)
In equation (39) tk, represents the time for one half-life
2
period.
As mentioned earlier, molecularity of a reaction and
reaction order in terms of the concentrations of the reac-
tants are not necessarily the same. While a determination
of reaction order is often done by varying the concentration
of one of the reactants and noting the effect on the reac-
t n rate, it is possible to dete~w~.,.~ the reaction order
with respect to time using a single run and measuring the
slope at dif rent times corresponding to the reactant con-
centration. Since the conductance method readily provides
the reactant concentration at the measured times, the re-
action 0 r th respect to time (n~) was calculated by
'-
otting the 10910 of the concentration against 10910 of
the velocity. The slope is t order of the reaction (94).
If rature range is not too great,
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dependence of the rate constant on temperature is expressed
by the ernperical Arrhen~us equation:
d lnk
d T (40)
where E a is the activation energy in kcal, T is the absolute'
temperature in oK, and R is the gas constant. Integration
of (40) produces equation (41).
lnk
-E
a
= RT + InA (41 )
The A of the integration constant lnA is termed the pre-
exponential factor or frequency factor with the same units
as the rate constant (94). Converting (41) to COrnITIOn
logarithms results in equation (42):
log k
-E
a
= 2. 303 RT + log A (4: 2)
It follows that for any two rate constants at different
temperatures e~uation (42) can be rewritten as equation
( 43) •
(43)
mh of· actl'''a.tl'on. l'c the added amount of energy re-i e energy v ~
quired by the reactant molecules to form the activated com-
+ r.plex X- for a part ular reaction. J n the assurrtption
that the activated c lex is in libr w the
reacting molecules a it composes to products at a
f
e rate, the s cific rate for the reaction can be written
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as:
(44)
where N is Avogardro r s number, h is Plancks constant, and
Kt is the equilibrium constant between the activated state
and the reactants. The thermodynamic formulation of
reaction rates leads to the following expression:
K =
+
-E'/RT(e a ) (45)
.;.
where ilS' .is the entropy change in the system; E t is the
a
energy of activation for the activated complex. The com-
bination of equation (44) and (45) yields equation (46) •
RT
k = Nh
.J..
-E'/RT
a
e (46)
Equation (46) af er conversion to base 10 logarithms and
rearrangement becomes equation (47).
log k =
+ v'
/\5'"" "-'a 'I RT
( 2. '303 R ) - ( 2. 303 RT J + log Nh (47)
)" and (4-1') t,he E"a! term is the expe r i.-'In both equation (46 iJ
.. nd (47) may be solvedmentally determined actlvatlon energy a_ " '-
+for 6S' to determ the ange in entropy for the system.
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TABLE IX
AVERAGE CONDUCTANCES Al'ID CONDUCTIVITY RATIOS AT GIVEN TD1ES:
.00100 MOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 1 AT 25.0°C IN ETHANOL
Average Ct 95 Percent Coo Co
a
S -
Time ( t) in -- Confidence
in min Micramhos IN Interval Coo - Ct
.48 20.00 b.24 b .47 1.027
.88 33.30 .16 • 33 1.066
1.00 37.27 .91 1.81 1.078
2.00 64.09 .48 1.12 1.168
3.00 85.58 .40 .90 1.252
4.00 104. 36 .29 .64 1.336
5.00 121.14 .48 1.16 1.421
6.00 135.40 .53 1.29 1.503
7.00 148.24 .51 1.20 1.584
10.00 179.52 .48 1.20 1.826
12.00 196.36 .57 1.29 1.989
15. 00 216.92 .55 1.29 2.233
17.00 228.38 .58 1.42 2.397
20 .00 242.94 .55 1.25 2.644
25.00 262.12 .56 1.25 3.058
30.00 276.96 .59 1.25 3.479
40.00 298.64 .82 1.72
4.357
50.00 313.54 .75 1.59
5.270
60.00 324.00 .69 1.25
6 .180
a c = 10.10 Micro~~oso
C = 384.60 Micromhos
00
bThese values are calculated from errors in time.
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TABLE III
A\7ERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TU1ES:
• 00200r10LES OF 2, 4-DINITROCHLOROBENZENE
IN CELL 1 AT 25.0 °c IN ETHANOL
Average Ct 95 Percent C C
a
S -Time (t) in Confidence
00 0
in min Micromhos IN Coo - C tInterval
.40 60. 00 b 2.66 1.0631.29b
.60 80
·
00 1.09 2.48 1.099
1 . 00 118 . 55 1.28 2.84 1.177
2.00 194
·
00 1.58 3.43 1. 365
3 .00 248
·
62 1.82 3 .92 1. 544
4 .00 290
·
47 1.95 4.21 1.717
5.00 324
·
75 2.07 4. 61 1.890
6 .00 354 .07 2.15 4.41 2.068
7.00 378
·
32 1.16 2. 65 2.243
10.00 431. 90 .70 1. 47 2. 758
12 .00 458
·
42 .70 1.42 3 .112
15 .00 487 92 . 72 1 . 52 3 .630
·
17 .00 503 50 .76 1.62 3.980
·20 .00 522 40 .65 1.22 4. 507
·
25.00 545 92 .77 1.57 5 .397
·
30 .00 563 07 .78 1.62 6. 304
·
40 00 585 90 1.21 2.65 8.121.
· 10.11650 .00 601
·
52 .78 1.57
60 .00 612 10 .79 1.57
12.136
·
a C = 21.87 Nicromhos
o
C = 665 .10 Micromhos
00
bThese va s are calculated from errors
in time.
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TABLE IV
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.00250 MOLES OF 2, 4-DINITROCHLOROBENZENE
IN CELL 1 AT 25.0 °C IN ETHANOL
Average Ct 95 Percent C C
a
S -Time tt) in Confidence 00 0-
in min Hicromhos v'""N Interval C - Ct00
.27 60.00 b 2.651.16b 1.041
.40 80.00 1.62 3.07 1.071
.72 130.00 1.36 3.11 1.153
1.00 164.25 1.44 2.94 1.218
2.00 261.75 1.11 2.45 1.447
3.00 327.40 1.08 2.45 1.657
4.00 378.35 1.14 2.40 1.868
5.00 419.85 .59 1.37 2.084
6.00 452.12 .96 2.25 2.290
7.00 478.50 .82 1.96 2.490
10.00 537.35 .67 1.52 3.097
12.00 565.10 .63 1.42 3.498
15.00 596.37 .56 1.22 4.097
17.00 612.57 .48 1.13 4.496
20.00 632.30 .47 1.13 5.100
25.00 656.42 .57 1.22 6.101
30.00 673.82 .66 1. 37 7.111
40.00 697.17 .69 1.47 9.138
50.00 712.12 .72 1.52
11.177
60.00 722.07 1.31 2.74
13.127
a C = 30.44 Mlcromhos
o
C = 779.10 L'-1icrornhos
co
bThese values are calculated from errors in time.
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TABLE V
AVERAGE CONDUCTANCES At'1D CONDUCTIVITY RATIOS AT GIVEN TIMES:
.00100 HOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 2 at 25.0 °C IN ETHANOL
Average Ct 95 Percent Coo C
a
S -
Time tt) in Confidence 0
in min Micromhos IN Interval Coo - Ct
.23 333.30 b 22.299.85b 1.029
.38 500 .00 16.23 38.76 1.060
1.00 1060.00 10.00 19.60 1.182
2.00 1732.50 7.50 14.70 1.372
3.00 2203.25 8.10 16.17 1.546
4.00 2570 .33 10.33 20.65 1.716
5.00 2876.67 9.82 18.88 1.889
6.00 3127.33 8.65 17.11 2.058
7.00 3335.67 6.17 12.39 2.224
10.00 3813.33 8.19 16.52 2.729
12.00 4042 .67 7.69 15.34 3.063
15.00 4306.67 6.64 13.57 3.565
17.00 4444.67 6.39 12.98 3.899
20 .00 4612.67 7.31 14.75 4.400
25.00 4822.33 5.93 11.80 5.245
30 .00 4976 .33 5.93 11.80 6.100
40.00 5184.67 6.44 12.39 7.833
50.00 5324 .00 4.73 9.44 9.670
60 .00 5411.33 6.33 12.39
11.337
a C = 173.8 Micromhos
o
Coo = 5918. 00 crornhos
b h 1 are· calculat.ed from errors in time.T ese va ues
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TABLE VI
AVERAGE CONDUCTAJ."\ICES Ai\lD CONDUCTIVITY RATIOS AT GIVEN TIIvlliS:
.00200 MOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 2 AT 25.0°C IN ETHANOL
Average Ct 95 Percent C C
a
S -Time (t) in Confidence 00 0
in min Micromhos IN Interval C - Ct00
32 1250.00 b 95.64. 42.91b 1.101
.44 1666.00 42.60 106.12 1. 155
1.00 2977.00 38.07 90.30 1. 368
2 .00 4468 .00 30 .89 81.70 1.729
3 .00 5410.80 30.11 81.70 2 .077
4 .00 6057.80 29 .19 77.83 2.409
5 .00 6534.40 27. 30 69. 66 2.730
6 .00 6899.80 26.94 62.35 3.041
7.00 7163.80 27 .00 60.20 3.314
10.00 7775.80 22.66 61.06 4.185
12.00 8076.33 22 .26 43.07 4. 804
15.00 8377. 67 24 .29 49 .56 5.642
17.00 8528.67 24 .84 50.74 6.182
20.00 8691. 33 28 .39 51.92 6.893
25 . 00 8922 . 33 19 . 64 40 . 12 8. 238
30 00 9070 .33 20. 51 41.89 9 .415.
40.00 9263.00 21.66 44. 25 11.567
50 .00 9385.33 24.63 50 . 15 13 . 531
60 .00 9407.20 33.48 79 .98 13.954
= 354.8 Micromhosa c
o
C
co
= 10106.00 cromhos
bThese values are calculated from errors in time.
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TABLE VII
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.00250 HOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 2 AT 25.0°C IN ETHANOL
Time Ct)
in min
.16
.34
.59
1.00
2.00
3.00
4.00
5.00
6.00
7.00
10.00
12.00
15.00
17.00
20.00
Ave::age Ct~n
l'hcromhos
1000.00
2000.00
3000.00
4296.00
6120.00
7204.50
7920.50
8432.00
8822.00
9126.00
9746.50
10116.50
10294.00
10435.50
10601.50
S
iN
b57.84 b27.03 b81.63
104 .. 00
120.00
129.50
133.50
133.00
133.00
129.00
126.50
21.50
130.00
127.50
127.50
95 Percent
Confidence
Interval
102.96
48.11
145.31
185.12
213.60
230.51
237.63
236.74
236.74
229.62
225.17
38.27
231.40
226.95
226.95
1.043
1.141
1.259
1.455
1.862
2.235
2.574
2.887
3.183
3.494
4.202
4.819
5.185
5.519
5.969
a c = 501.2 Micromhos
o
Coo = 12634.00 Micromhos
bThese values are calculated from errors in time.
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TABLE VIII
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN THiES:
.000025 MOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 1 at 25.0°C IN DIHETHYL SULFOXIDE
Time (t)
in min
.35
.75
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
20.00
25.00
30.00
Ave::age Ct
~n
Mi.cromhos
2.00
3.00
3.51
5.33
6.68
7.89
8.82
9.57
10.23
10.77
11.26
11.66
12.04
12.37
12.66
12.93
13.16
14.09
14.67
15.12
s
IN
b
.04b
.06
.06
.02
.02
.04
.05
.04
.04
.05
.05
.03
.05
.05
.05
.05
.04
.04
.05
.04
95 Percent
Confidence
Interval
.08
.12
.12
.03
.03
.07
.09
.07
.08
.09
.08
.05
.09
.09
.09
.08
.08
.06
.08
.08
Coo - Co
a
Ceo - C t
1.031
1.103
1.143
1.316
1.484
1.673
1.857
2.037
2.226
2.409
2.601
2.786
2.988
3.185
3.385
3.588
3.792
4.871
5.932
7.149
a c = 1.53 Micromhos
o
Coo = 17.33 Micro~~os
b 1 1 ulated fr_om errors in time.These va ues are ca c
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TABLE IX
AVERAGE CONDUCTANCES A1:m CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000050 MOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 1 AT 25.0°C IN DIMETHYL SULFOXIDE
Average Ct 95 Percent Coo Co
a
S -Time Ct) in Confidence
min Micromhos I""N Interval C - Ctin 00
.28 4. 00
·
32 b .65 1.049
.47 6 .00
·
6Sb 1. 32 1.130
1.00 9 .21
·
33
·
66 1.289
1.50 11. 88
·
31 .57 1. 461
2 .00 13 .76
·
29
·
51 1.613
2 .50 15 .55
·
30 .58 1.788
3 .00 16 .76
·
26
·
49 1.930
3.50 18 .09
·
25
·
46 2.115
4 .00 18
·
92
·
24 .44 2
·
251
4- 50 19 .97
·
26
·
50 2
·
448
5 .00 20
·
59
·
24 . 48 2 . 580
6.00 21.86 .23 • 48 3 . 167
7 . 00 22 . 88
·
24 .48 3.230
8.00 23. 68
·
25 .47 3 .545
9 .00 24 46
·
27
·
56 3 .911
·25 .01 28
,...,... 4 22410.00
·
.:J:J
·
30 .64
,.. 87915.00 26.97
·
:J •
20 .00 27 81 97 2 ·20 7.078
· ·
25 .00 28 20 30 · 57 7.798
· ·
30 .00 29 43 33 ·58 11. 585
· ·
a C = 2.6 3 ~1icromhos
o
Coo = 31.96 cromhos
bThese values are calculated from errors in time.
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TABLE X
AVERAGE CONDUCTANCES &~D CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000070 MOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 1 AT 25.0 °C IN DI~..ETHYL SULFOXIDE
Average Ct 95 Percent C Co
a
S -Time ttl in Confidence 00
in min Micromhos IN Interval C - Ct00
.26 4 .00 b .20 1.010.0Sb
.46 6.00 .0Sb .19 1.073
.57 8.00 .22 .46 1.144
1.00 12.02 .20 .37 1.320
1. 50 15 .09 .25 .60 1.497
2. 00 17. 65 .55 .9S 1.684
2.50 20 .16 .35 .71 1.919
3. 00 21.95 .36 .71 2.131
3 . 50 23.31 .36 .66 2.327
4. 00 24.55 .39 .71 2.540
4.50 25.38 .37 .71 2 .705
5 .00 26.44 .31 .55 2.950
6.00 27.83 .42 .76 3.348
7 00 28.94 .43 .78 3.751.
8.00 29 .83 .45 .81 4.153
9.00 30 .59 .50 .86 4.573
10 • 00 31 . 19 .52 .89 4.971
15.00 33 .26 .48 .84 7.077
20 . 00 34 . 26 .48 .86 8.916
25.00 34 .93 .47 .86 10.784
30 .00 35.33 .52 . 95 12 . 377
a C :::: 3.63 !'1icromhos
o
C = 38.13 Micrornhos
00
bThese values are calculated from errors time.
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TABLE XI
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TI.M..ES:
. 000025 ~10LES OF 2,4-DINITROCHLOROBENZENE
IN CELL 1 AT 35.0°C in DIl'iETHYL SULFOXIDE
Average Ct 95 Percent C - C
a
Time ( t) in S Confidence 00 0
in min Micromhos IN Interval Coo - C t
22 7 .00 b .00 1.067
·
.0Ob
.58 8 .00 .0Sb .16 1.145
.79 8.50 .02 .04 1.189
1.00 9 .03 .09
·
18 1.239
1. 50 10 .03 .10 . 17 1 . 345
2 .00 10 .89 .08 .15 1.453
2 . 50 11 . 69 .11 .23 1.571
3.00 12 .38 .11
·
23 1.686
3
·
50 12 .94 .11
·
22 1.795
4.00 13 .44 .11
·
22 1.905
4. 50 13. 87 .12
·
24 2.010
5 .00 14 .21 .14
·
27 2 .103
6 .00 14.93 .10 . 19 2 • 329
7 00 15
·
57 .11 .23 2.572
·8 .00 15 .98 .17
·
35 2.760
9 .00 16 .43
·
14
·
28 2 .996
10 .00 16 .79
·
15
·
29 3 .221
12 00 17 35
·
21
·
42 3. 639
· ·15 .00 18 .09 .15 · 30 4. 400
20 .00 18 88 .15 · 30 5 65 3
·
a C = 6.02 Micromhos
o
C= = 21.64 Microronos
bThese values are calculated from errors In time.
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TABLE XII
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIHES:
.000050 MOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 1 AT 35.0°C IN DI~£THYL SULFOXIDE
Time (t)
in min
.10
.29
.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
6.00
7.00
8.00
9.00
10.00
Aver;age Ctl.n
Nicromhos
14.00
16.00
18.00
22.03
24.75
26.89
28.67
30.02
31.17
32.15
32.93
33.64
34.79
35.66
36.39
37.07
37.58
S
IN
b
.63b
.18b
.11
.09
.07
.05
.08
.09
.10
.11
.12
.11
.15
.13
.12
.13
.13
95 Percent
Confidence
Interval
1.28
.31
.22
.18
.14
.08
.15
.18
.19
.21
.24
.22
.29
.24
.21
.26
.25
C~ - C a
~ 0
1.056
1.138
1.233
1.484
1.719
1.966
2.230
2.486
2.572
3.030
3.296
3.580
4.164
4.743
5.379
6.138
6.870
a C = 12.45 Micromhos
o
Coo = 41.86 HicroIT'hos
bItd F errors l'n time.These values are calcu a e ~rom -
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TABLE XIII
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TUmS:
.000070 MOLES OF 2,4-DINITP.OCHLOROBENZENE
IN CELL 1 AT 35. a°C IN DH"ffiTHYL SULFOXIDE
Average Ct 95 Percent Ceo Co
a
S -Time (t) in Confidence
in min Mi"cromhos IN Interval C - Ct00
.05 8.00 b .00 0 .857.00b
.37 15.00 .07b .13 1.024
.67 20 .00 .05 .10 1.191
1.00 24 .00 .00 .00 1.368
1.50 28 .03 .09 .18 1.610
2 .00 31.13 .18 .37 1 .861
2 .50 33.46 .21 .43 2.112
3 .00 35 .31 .22 . 45 2 . 362
3. 50 36 .63 .22 .44 2.583
4 .00 37 .99 .21 .42 2.854
4.50 38 .95 .24 .49 3 .085
5 .00 39 .77 .23 . 48 3 . 314
6 .00 41.08 .23 .48 3.756
7.00 42 .09
·
24 .50 4 .139
8 .00 42.81
·
27 .55 4 .564
9 .00 43.35 .29 .58 4 .894
10 .00 43.88
·
30 .58 5.237
"c = 14. 12 ~1icrcrnhos
o
C = 50.86 Micromhos
co
bThese values are calculated from errors in time.
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TABLE XIV
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
•aa0025 MOLES OF 2, 4-D INI TROCHLOROBEN ZENE
IN CELL 2 AT 25.0°C IN DIHETHYL SULFOXIDE
Average Ct 95 Percent C C
a
S -Time (t) in Confidence 00 a
in min Micromhos I1f" Interval C - Ctco
.42 50.00 b 1.19 1.103.59 b
.83 80.00 .63 1.27 1.266
1.00 87.87 .90 1.71 1.316
2.00 132.70 .35 .65 1.708
3.00 161.83 .58 1.06 2.117
4.00 182.23 .34 .65 2.544
5.00 197.37 .84 1.65 2.991
6.00 209 .27 .71 1.42 3.470
7.00 218.47 .61 1.24 3.960
8.00 226.03 .52 1.06 4.483
9.00 232.43 .58 1.18 5.044
10.00 237.27 .72 1.36 5.571
11.00 242.26 .58 1.17 6.246
12.00 246.13 .55 1.12 6.893
13.00 249.57 .55 1.12 7.591
14.00 252.53 .52 1.06 8.318
15 .00 255.13 .46 .94 9.081
20.00 264.47 .40 .77 13.539
25.00 270.23 .37 .65 19 .417
30.00 274 .01 .36 .71 27.144
40.00 278.53 .47 .91 57.795
a C == 25.96 Hicrornhos
a
Coo = 283.50 Micromhos
bThese values are calculated ~rom errors in time.
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TABLE XV
AVER.t\GE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIveN TH1ES:
.000050 MOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 2 AT 25.0°C IN DI1'1ETHYL SULFOXIDE
Average Ct 95 Percent Ceo C
a
S -Time Ct) in Confidence a
in min Micromhos IN Interval C - Cteo
.29 100.00 b 4.13 1.1022.11b
.55 160.00 1.93 4.44 1.282
1. 00 234.65 .65 1.47 1.608
1. 50 280.10 1.07 2.18 1.903
2.00 321. 35 1.51 3.28 2.283
2.50 347.67 .98 1.89 2.616
3.00 368.70 1.65 3.24 2 .963
3.50 385.93 1.79 3.54 3 .322
4 .00 400.53 1.07 2.12 3 .703
4 .50 410 .93 1.74 3.54 4.033
5.00 421.27 1.29 2.99 4 .424
6 .00 436.57 1.38 3.28 r- .167::l
7.00 448.57 1. 41 3.33 5.950
8.00 457 .95 1.41 3.33 6.748
9 .00 465.47 1.40 3.33 7.562
10 .00 471.70 1. 32 3.14 8 .402
15 .00 491. 40 1.54 3 .63 12.950
20.00 501.90 1.63 3.82 18 .199
25.00 508 .60 1.55 3.67 24 .550
30 .00 512 .90 1.60 3.82 31.635
a C = 56.42 !'1icromhos
a
C = 527.80 Micromhos
00
bThese values are calculated from errors In time.
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TABLE XVI
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
. 000070 I~10LES OF 2, 4-DINITROCHLOROBENZENE
IN CELL 2 AT 25.0°C IN DINETHYL SULFOXIDE
Time (t)
in min
.26
.38
.53
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
6.00
7.00
8.00
9.00
10.00
15.00
20.00
25.00
30.00
Ave7age Ct1n
Micromhos
160.00
200.00
250 .00
354.32
416.32
460.32
487.50
515.43
532.60
544.12
556.37
564.97
579.32
589.35
596.37
601.40
607.90
617.30
623.12
624.00
625.00
s
IN
b7.99 b4.44 b1.97
3.15
.70
2.13
2.50
1.29
.56
1.59
1.53
1.67
1.82
1.75
1.54
3 .40
1.60
4.00
1.86
4.20
3.70
95 Percent
Confidence
Interval
16.22
7.87
3.34
6.86
1.62
4.56
4.45
2.36
1. 06
3.38
3.38
3.43
3.92
3.63
3.53
6.05
2.85
7.12
4.21
7.48
6.59
Coo - Co
a
Coo - C t
1.182
1.292
1.462
2.017
2.603
3.279
3.905
4.860
5.720
6.490
7.574
8.580
11.025
13.763
16.665
19.624
25.476
44.787
84.466
97.432
118.163
a C = 74.13 Microrr~os
o
Coo = 629.70 Microrrnos
bThese values are calculated from errors in time.
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TABLE XVII
AVERAGE CONDUCTfu~CES k~D CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000025 i,10LES OF 2,4-DINITROCHLOROBENZENE
IN CELL 2 AT 35.0°C IN DHmTHYL SULFOXIDE
Time tt)
in min
.32
.54
.80
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
6.00
7.00
8.00
9.00
10.00
12.00
15.00
20.00
Aver,:-age Ct
~n
N.icromhos
120.00
140.00
160.00
174.33
197.67
217.67
233.17
246.50
259.97
268.43
275.33
283.60
293.50
301.60
308.00
313.33
319.00
326.57
334.77
344.35
s
iN
b
.DOb1.54b2.67
2.19
2.33
2.85
2.59
2.85
.20
.72
.94
.40
.50
1.21
1.71
1.97
1.20
1.10
.95
.35
95 Percent
Confidence
Interval
.00
2.72
4.93
4.13
4.13
5.31
4.72
5.07
.41
1.36
1.83
.83
.88
2.24
3.19
3.60
2.18
2.12
1.83
.62
Coo - C a
o
1.116
1.213
1.329
1.426
1.620
1.833
2.041
2.261
2.539
2.750
2.952
3.235
3.655
4.089
4.512
4.938
5.489
6.479
7.960
10.96
a c = 91.10 Micro~~os
o
C= = 369.80 Micro~~os
bThese values are calculated from errors in time.
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TABLE XVIII
A\7EP.AGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000050 HOLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 2 AT 35.0°C IN DIMETHYL SULFOXIDE
Average Ct 95 Percent C Co
a
S -Time ( t) in Confidence 00
in min Micromhos I1f" Interval C - Ct00
.08 130.00 b .15.09b 0.9426
.31 220.00 2.65b 4.69 1.131
.60 300.00 .92 1.63 1.374
1.00 372.67 .67 1.18 1.707
1.50 431.67 1.76 3.54 2.126
2.00 470.67 .67 1.18 2.538
2.50 497.13 1.17 2.30 2.921
3.00 518.80 .78 1. 59 3.334
3.50 535.37 .99 1.95 3.738
4.00 548.50 .92 1.77 4.136
4.50 559 .27 .68 1.30 4.530
5.00 568.07 1.07 2.12 4.913
6.00 582.50 .67 1. 36 5.704
7.00 593.23 .73 1.47 6.481
8.00 601.43 .64 1. 30 7.232
9.00 608.07 .73 1. 47 7.982
10.00 613.47 .70 1.42 8.717
a C = 161.9 Micromhos
o
Coo = 672.10 aicromhos
bThese values are calculated from errors in time.
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TABLE XIX
AVERJ>.GE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GI\lEN TI1'1ES:
.000070 1'1OLES OF 2,4-DINITROCHLOROBENZENE
IN CELL 2 AT 35.0°C IN DI~ffiTHYL SULFOXIDE
Average Ct 95 Percent C Co
a
S -Time ( t) in Confidence co
in min 1'1icromhos IN Interval C - Ctco
.11 150.00 b 6.38 0.9433.58b
.22 250.00 .00b .00 1.112
.32 300.00 .00b .00 1.222
.65 450.00 6.94 13.41 1.736
1.00 530.00 .00 .00 2.237
1.50 604.43 1.11 2.18 3.059
2.00 652.33 .33 .59 4.005
2.50 682.60 .80 1.47 4.979
3.00 704.83 .73 1.47 6.061
3.50 721.67 .60 1.18 7.256
4.00 735.00 .50 .88 8.598
4.50 745.27 .50 1.00 10.03
5.00 754.03 .61 1. 24 11.68
6.00 767.67 .67 1.18 15.72
7.00 775.37 .35 .71 19.53
8.00 781.70 .29 .59 24.40
9 .00 786.40 .23 .47 29.95
10.00 789.87 .23 .47 35.97
a C = 187.5 cromhos
o
C = 807.10 cromhos
co
bThese values are calculated from errors in time.
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TJl..BLE XX
AVERAGE CONDUCTANCES A..ND CONDUCTIVITY PtATIOS AT GIVEN TIHES:
.000025 MOLES OF 2,4-DINITROBRm10BENZENE
IN CELL 1 AT 25.0 °C IN DIMETHYL SULFOXIDE
Time (t)
in min
.32
.60
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
6.00
7.00
8.00
9.00
10.00
15.00
20.00
25.00
30.00
Ave::age Ct~n
Hicromhos
1.00
1.50
2.19
2.91
3.59
4.20
4.75
5.31
5.75
6.11
6.49
7.28
7.95
8.47
8.93
9.40
11.03
12.07
12.80
13.33
b
.01b
.02
.02
.02
.03
.01
.03
.00
.04
.07
.07
.04
.06
.05
.06
.05
.06
.06
.06
.07
95 Pe r cerit;
Confidence
Interval
.01
.03
.03
.04
.07
.02
.06
.01
.08
.15
.17
.10
.12
.12
.13
.13
.14
.15
.15
.16
1.032
1.066
1.117
1.175
1.236
1.295
1.354
1.419
1.476
1.526
1.583
1.714
1.843
1.959
2.075
2.205
2.828
3.451
4.076
4.708
a C = 0.48 Micrornhos
o
Ceo = 16.80 Hicrornhos
bThese values are calculated from errors in time.
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TABLE XXI
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TI~1ES:
.000050 MOLES OF 2,4-DINITROBROMOBENZENE
IN CELL 1 AT 25.0 0 C IN DH1ETHYL SULFOXIDE
Time (t)
in min
.22
.35
.52
1.00
1.50
2.00
2.50
3.00
3.50
4.00
5.00
6.00
7.00
8.00
9.00
10.00
15.00
20.00
25.00
30.00
Ave::age CtIn
Micromhos
2.00
3.00
4.00
7.03
9.65
11.63
13.44
14.90
16.18
17.25
19.19
20.76
21.96
22.96
23.82
24.39
26.83
28.53
29.62
30.21
S
IN"""
b
.02b
.10b
.07
.12
.05
.06
.06
.10
.03
.05
.03
.05
.07
.07
.08
.10
.14
.11
.04
.06
95 Percent
Confidence
Interval
.04
.19
.17
.26
.11
.11
.15
.20
.08
.11
.08
.10
.15
.16
.16
.22
.34
.24
.09
.13
Coo - Co a
C - Ctco
1.036
1.071
1.107
1.235
1.372
1.497
1.633
1.761
1.893
2.020
2.296
2.582
2.854
3.129
3.414
3.630
4.988
6.757
8.727
10.38
a c = 0.87 Micro~~os
o
Coo = 33.34 Micro~~os
bThese values are calculated from errors in time.
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TABLE XXII
AVERAGE CONDUCTP--NCES AND CONDUCTIVITY RATIOS AT GIVEN TIHES:
.000070 MOLES OF 2,4-DINITROBROMOBENZENE
IN CELL 1 AT 25.0 °C IN DH4ETHYL SULFOXIDE
Average Ct 95 Percent Ceo C
a
S -
Time tt) in Confidence a
min Micrornhos IN Interval Coo - Ctin
.15 2.00 b .30 1.018.17.
.22 3.00 D .08 1.045.0Sb
.34 4.00 .19 .34 1.074
1. 00 10.63 .19 .35 1.316
1.50 13.83 .09 .18 1.476
2.00 16.20 .00 .00 1.622
2.50 18.70 .20 .35 1.811
3.00 20.77 .18 .35 2.005
3.50 22.31 .14 .27 2.179
4.00 23.83 .36 .67 2.381
4.50 24.78 .16 .29 2.529
5. 00 25.81 .17 .32 2.711
6.00 27.44 .32 .66 3.060
7.00 28.98 .24 .44 3.482
8.00 30.11 .25 .47 3.876
9.00 31.10 .25 .47 4.303
10.00 31.87 .27 .53 4.703
15.00 34.53 .31 .61 6.936
a C = 1.32 Micromhos
o
Coo = 40.12 Microrrilios
bThese values are calculated fron errors in time.
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TABLE XXIII
AVERAGE CONDUCTA.NCES AJ."\JD CONDUCTIVITY RATIOS AT GIVEN TINES:
.000025 MOLES OF 2 ,4-DINITROBROJ'tlOBENZENE
IN CELL 1 AT 35.0 °C IN DHffiTHYL SULFOXIDE
Average C t 95 Percent C C
a
S -(t) in Confidence 00 0Time C Ctmin M.icrornhos IN -in Interval 00
.38 4 .00 b .09 1.067.05b
.70 5.00 .04b .07 1.132
.89 5.50 .01 .02 1.167
1.00 5.80 .00 .00 1.189
1.50 6 .85 .01 .02 1.274
2.00 7 .83 .01 . 02 1 . 366
2.50 8.64 .03 .05 1.451
3.00 9 .40 .02 .05 1.541
3.50 10 .04 .03 .05 1.627
4.00 10 .66 .03 .06 1.720
4 . 50 11.19 .02 .05 1.808
5.00 11 .69 .04 . 07 1 . 899
6.00 12 .56 .04 .07 2.083
7.00 13 .27 .04 . 08 2 • 260
8.00 13 .87 .06 . 12 2 . 437
9.00 14 .39 .06 .10 2.613
10.00 14 .87 .06 .11 2.801
12.00 15 .66 .05 .10 3.178
15 .00 16 50 .06 .11 3.706.
20. 00 17.55 .06 .11 4 .676
== 2.81 crornhos
21.56 !"1icromhos
a c
o
Coo ==
b 1 1 ulated f r om errors in time.These va.i ues are ca c
75
TABLE XXIV
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000050 HOLES OF 2,4-DINITROBROMOBENZENE
IN CELL 1 AT 35.0 °C IN DI1-ffiTHYL SULFOXIDE
Average Ct 95 Percent C Co
a
S -Ct) in Confidence 00Time C C...
min Micromhos I"N Interval -in 00 L..
.16 8 .00 b .35 1.069.20b
.36 10 .00 .06b .12 1.139
.47 11. 00 .03 .06 1.177
1. 00 15 .50 .00 .00 1.389
1. 50 18
·
60 .05 .09 1.584
2.00 21
·
20 .05 .09 1.797
2.50 23 .19 .04 .06 2.003
3.00 24
·
83 .10 .19 2.213
3.50 26
·
26 .00 .01 2.433
4.00 27
·
59 .04 .06 2.684
4.50 28
·
61 .05 .10 2.912
5.00 29
·
57 .06 .11 3.166
6.00 31 12 .04 .08 3.687
·7.00 32 35 .05 .09 4.238
·8.00 33 36 .05 .11 4.835
·9.00 34 15 .05 .09 5.432
·
10.00 34 79 .00 .01 6.035
·
a c = 5.75 Micromhos
o
Coo = 40. 56 Micrornhos
b h 1· calc·u'ate·d fro·m· errors in time.Tese va ues are ...!- ~--
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TABLE XXV
AVERAGE CONDUCTAi""lCES AND CONDUCTIVITY RATIOS AT GIVEN TD.illS:
• 000070 MOLES OF 2,4-DINITROBROMOBENZENE
IN CELL 1 AT 35. a°C IN DHillTHYL SULFOXIDE
Average Ct 95 Percent C C
a
S -
ttl in Confidence
00 0Time Cin min Micrornhos IN Interval - Ct00
.18 8 00 b 30 O. 9883
·
.17b .
.28 10
·
00 . 13b .24 1.036
.49 14
·
00 .44 .87 1.148
1. 00 20
·
43 .03 .06 1.388
1.50 25
·
00 .10 .18 1.631
2.00 28
·
50 .12 .24 1.883
2.50 31
·
45 .20 .41 2.164
3.00 33
·
65 .18 .35 2.435
3.50 35
·
43 .19 .38 2.711
4.00 37
·
17 .09 .18 3.048
4.50 38
·
41 .24 . 47 3 . 346
5.00 39
·
84 .12 .23 3.767
6.00 41 31 .21 . 41 4 . 332
·
7 . 00 42 72 .22 .43 5.056
·
8.00 43 85 .23 .45 5 .832
·
9.00 44 75 .26 .51 6 . 654
·10 .00 45 45 .27 .55 7 .465
·
"c == 8. 51 Micromhos
o
C == 51. 16 Micromhos
00
bThese values are calculated from errors in time.
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TABLE XXVI
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000025 MOLES OF 2,4-DINITROBROMOBENZENE
IN CELL 2 AT 25. 0 0 C IN DIMETHYL SULFOXIDE
Average Ct 95 Percent C C
a
S -Time (t) in Confidence co 0
in min Micrornhos IN Interval C - Ctco
.25 25 .00 b 1. 20 1.054.68b
.60 50 .00 .62 1.25 1.157
1.00 73 .67 .33 .59 1.275
1.50 97 .33 .67 1.18 1.421
2.00 117 .63 .71 1.42 1.576
2.50 133 .60 .23 .47 1.723
3.00 146 .27 1.11 2.24 1.861
3.50 159 .57 .47 .88 2.032
4.00 170 .90 .38 .77 2.204
4.50 179 .27 .37 .71 2.352
5.00 189 .00 .58 1.18 2.550
6.00 201 .70 .56 1.06 2.865
7.00 212 .83 .12 .24 3.213
8.00 222 .80 .36 .71 3.607
9.00 230 .40 .50 .88 3.977
10.00 237 .40 .56 1.06 4.392
15.00 260 .17 . 47 .88 6.652
20.00 273 .13 .44 .83 9.412
25.00 280 .73 .73 1.47 12.43
30.00 286 .17 .69 1. 36 16.14
a C = 10.23 Micromhos
o
Coo = 304.40 cromhos
b 1 a.re calcu1a·ted from errors in time.These va ues .
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TABLE XXVII
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000050 MOLES OF 2,4-DINITROBROMOBENZENE
IN CELL 2 AT 25. a°C IN DIl-1ETHYL SULFOXIDE
Average Ct 95 Percent Coo Co
a
S -
Time ( t) in Confidence
in min Micromhos IN Interval
C
- Ct00
.17 50 .. 00
b 1.56.8Sb 1.055
.36 100.00 1.75b 3.11 1.165
.61 150 .00 .67 1.18 1.300
1.00 211. 40 .70 1.30 1.516
1.50 271.33 1.76 3.54 1.810
2.00 309.65 1.35 2.40 2.065
2.50 345.33 1.67 2.95 2.379
3.00 369 • 77 1.13 2.18 2.653
3.50 391 .. 00 1.00 1.77 2.951
4.00 409.00 .76 1.47 3.261
5.00 435 .. 83 .93 1.77 3.864
6.00 458. 60 1. 23 2.48 4.585
7.00 474 .. 47 1.24 2.54 5.270
8.00 487. 83 1.35 2.71 6.027
9.00 497 • 30 1.70 3.03 6.711
10.00 504 .30 2.40 4.90
7.326
15.00 536 .. 50 1.75 3.19
12.66
20.00 551. 70 1.90 3.42
19.29
25.00 561 .. 23 2.19 4.19
28.72
30.00 567 .. 17 2.03 3.66
41.28
a c = 20.89 cromhos
o
Coo = 580.73 Micromhos
bThese values are calculated from errors in time.
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TABLE XXVIII
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIHES:
.000070 MOLES OF 2,4-DINITROBROMOBENZENE
IN CELL 2 AT 25.0 °C IN DHmTHYL SULFOXIDE
Average Ct 95 Percent C C
a
S -(t) in Confidence 00 0Time Coo Ctmin Micromhos I'"tr Interval -in
.12 50.00 b .00 1.028.00b
.22 100.00 .00b .00 1.112
.37 150.00 .00 .00 1.213
1.00 301.00 1.00 1.77 1.663
1. 50 374.67 .33 .59 2.032
2.00 429.67 .33 .59 2.436
2.50 468.13 .87 1.53 2.828
3.00 500.40 1.21 2.30 3.269
3.50 523.30 1.18 2.30 3.677
4.00 544.33 1.20 2.36 4.152
4.50 560.47 1.25 2.36 4.609
6.00 596.50 1.26 2.36 6.112
7.00 614.67 .88 1.77 7.315
8.00 628.30 1. 01 1.95 8.582
9.00 639.00 .76 1.47 9.932
10.00 647.67 .77 1.53 11.38
15.00 674.13 1.40 2.71 20.55
a C = 31.60 Micromhos
o
C = 707.00 Micromhos
co
bThese values are calculated from errors in time.
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TABLE XXIX
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000025 MOLES OF 2,4-DINITROBRONOBENZENE
IN CELL 2 AT 35.0 o c IN DIMETHYL SULFOXIDE
Average C t 95 Percent C Co
a
S -(t) in Confidence 00Time
min Micromhos IN Interval C - C tin co
34 80 .00 b 1.96 1.115. 1.11b
.50 100 .00 • OOb .00 1.192
.72 120 .00 .00 .00 1.280
1. 00 141 .67
·
33 .59 1. 391
1.50 173 .50 .50 .88 1.595
2.00 198 .50 1. 32 2.65 1.803
2. 50 221. 17 .93 1.77 2.044
3.00 235 .83 1.36 2.65 2.239
3.50 250
·
67
·
67 1.18 2.476
4.00 262 .47 .84 1.65 2.705
4 .50 274
·
20 1.73 3.54 2.977
5.00 281 .67 .97 1.95 3.182
6.00 297 .07 1.48 2.83 3.708
7.00 308 .23 1.19 2.36 4.211
8.00 317 40 1.17 2.36 4.740
·
9.00 325 23 1. 21 2.48 5. 309
·
10.00 331 .50 1.16 2.36 5. 874
12.00 341 53 1.16 2.36 7.079
·
15.00 352 .23 1.10 2.24 9.064
20.00 363 .07 1.07 2.18 12. 65
a C = 44.26 Microw~os
o
C = 390.42 r"licromhos
co
bThese values are calculated from errors in time.
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TABLE XXX
AVERAGE CONDUCTAt\ICES AND CONDUCTIVITY RATIOS GIVENTIHES:
.000050 MOLES OF 2,4-DINITROBRONOBENZENE
IN CELL 2 AT 35.0 °C IN DIl'-ffiTHYL SULFOXIDE
Average Ct 95 Percent C C
a
-
Time It) in S Confidence 00 0
in min Hicromhos IN Interval C - Ct00
.27 160.00 b 5.79 1.1282.89 b
.39 200.00 3.24 b 5.74 1.213
.54 240.00 .87 1.54 1.312
1.00 334.67 1. 76 3.54 1. 624
1.50 402.33 1.20 2.36 1.959
2.00 451.00 1.53 2.95 2.299
2.50 485.00 1.53 2.95 2.616
3.00 514.13 1.34 2.60 2.968
3.50 536.13 1.43 2.89 3.302
4.00 554.33 1.59 3.24 3.642
4.50 569.07 1.74 3.54 3.973
5.00 582.03 1.74 3.54 4.317
6.00 602.03 1.39 2.83 4.985
7.00 617.53 1.82 3.72 5.664
8.00 629.60 1.93 3.95 6.337
9.00 639.37 1.82 3.72 7.010
10.00 647.33 1.88 3.83 7.724
a C = 87.10 Hicromhos
o
Coo = 731.30 Micromhos
bThese values are calculated from errors in time.
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TABLE XXXI
AVERAGE CONDUCTANCES ili~D CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000070 HOLES OF 2,4-DINITROBROHOBENZENE
IN CELL 2 AT 35.0 °C IN DH·1ETHYL SULFOXIDE
Average Ct 95 Percent C C
a
S -Time tt) in Confidence co 0
in min M.i.crornhos IN"" Interval C - Ctco
.18 180.00 4.04b 7.16 1.077
.27 220.00 .00b .00 1.141
.33 260.00 6.67 11.80 1.214
1.00 486.67 1.67 2.95 1.904
1.50 580.67 .67 1.18 2.491
2.00 641.37 .68 1. 24 3.110
2.50 682.70 3.39 6.49 3.744
3.00 715.03 3.53 6.49 4.453
3.50 740.37 3.72 7.08 5.230
4.00 760.27 4.54 8.67 6.061
4.50 776.60 4.67 8.67 6.969
5. 00 791.27 4.01 7.49 8.052
6.00 812.07 5.48 10.56 10.33
7.00 827.30 5.60 10.56 13.03
8.00 839.37 6.03 11.39 16.43
9.00 849.23 6.17 11. 62 20.89
10.00 857.00 6.57 12.51 26.56
a C := 125.9 Micromhos
o
Ceo := 885.60 Micro~hos
bThese values are calculated from errors in t
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TABLE XXXII
AVERAGE CONDUCTAL'J'CES AND CONDUCTIVITY RATIOS AT GIVEN TINES:
.000025 MOLES OF 2,4-DINITROIODOBENZENE
IN CELL 1 AT 25.0°C IN DIlA.ETHYL SULFOXIDE
Average Ct 95 Percent C C
a
S -Time Ct) in Confidence 00 0
in min Mi.cromhos IN Interval C - Ct00
. 50 .70 .00b .00 1.013
1.00 .80 .10 .17 1.020
2.00 1.19 .08 .14 1.046
3.00 1. 55 .08 .14 1.071
4.00 1. 89 .08 .14 1.096
5.00 2 .21 .07 .13 1.120
6.00 2.51 .07 .13 1.145
7.00 2 .81 .07 .12 1.170
8.00 3.09 .07 .12 1.194
9 .00 3 .36 .07 .13 1.219
10.00 3 .63 .07 .12 1.245
11.00 3.87 .07 .12 1.269
12.00 4.01 .01 .02 1.283
13.00 4.26 .04 . 09 1 . 310
14.00 4. 49 .04 .08 1.335
15. 00 4 .70 .04 .08 1.358
20 00 5. 68 .05 .11 1. 483.
3a. 00 7 .20 .09 .18 1. 727
60. 00 10 .13 .04 .08 2.530
90 00 11.71 .03 • 06 3 . 373.
a c = 0.50 Micrownos
o
C = 16.43 I-1icromhos
00
b h 1 1cu1ated· ~_,rom errors in time.T"ese va ues are ca ~
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TABLE XXXIII
AVERAGE CONDUCTP-..NCES AND CONDUCTIVITY RATIOS AT GIVEN TDms:
.000050 MOLES OF 2,4-DINITROIODOBENZENE
IN CELL 1 AT 25.0 oC IN DIMETHYL SULFOXIDE
Average Ct 95 Percent C Co
a
S -Time Ct) in Confidence co
in min 11.icromhos IN Interval C - Ctco
.42 1.40 .01b .01 1.020
1.00 2.23 .02 .04 1.048
2.00 3.58 .04 .10 1.097
3.00 4.80 .09 .20 1.145
4.00 5.98 .10 .21 1.196
5.00 6.99 .14 .30 1.243
6.00 7.99 .12 .27 1.294
7.00 8.90 .14 .31 1.344
8.00 9.74 .16 .35 1.394
9.00 10.52 .17 .37 1.443
10.00 11.25 .18 .40 1.493
11.00 11.95 .20 .46 1.544
12.00 12.60 .22 .50 1.594
13.00 13 .19 .23 .50 1.643
14.00 13.74 .23 .50 1.691
15.00 14.29 .25 .56 1.743
20.00 16.34 .26 .57 1.964
25.00 18.39 .37 .81 2.249
30.00 19.74 .40 .93 2.487
a C = 0.78 Micromhoso
Coo = 32.49 Micromh_os
bThese values are calculated from errors in time.
85
TABLE XXXIV
AVERAGE CONDUCTA.."1CES JI..ND CONDUCTIVITY RATIOS AT GIVEN THJIES:
.000070 MOLES OF2,4-DINITROIODOBENZENE
IN CELL 1 AT 25.0°C IN DI~illTHYL SULFOXIDE
Average Ct 95 Percent Coo Co
a
-
Time ( t) in S Confidence
in min Micromhos ~ Interval Coo - Ct
.17 1.40 b .00 1.008.00b
.59 2.50 .03 .05 1.036
1.00 3.47 .05 ·a9 1.061
1.50 4. 52 .01 .02 1.090
2.00 5.68 .04 .09 1.124
2.50 6.74 .13 .25 1.157
3.00 7.88 .06 .12 1.194
3.50 8.76 .11
·
23 1.225
4.00 9.63 .14 .29 1.257
4.50 10.48 .12 .25 1.290
5.00 11.30 .13 . 25 1 . 323
6.00 12.77 .17 . 34 1 . 387
7.00 14.31 .27 .53 1.462
8. 00 15.55 .13 .24 1.528
9 00 16.63 .19
·
34 1. 590
.
10 .00 17 .81 .13 .24 1. 665
12.00 19.77 .16 .28 1.805
15.00 22.15 .15 .27 2.012
20. 00 25.29 .17 . 29 2 . 338
25.00 27.64 .20 ·35
2.730
30.00 29.32 .37 .67 3.065
= 1.050 Micromhos
43.01 Micromhos
bThese values are calculated from errors in time.
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TABLE XXXV
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000025 MOLES OF 2,4-DINITROIODOBENZENE
IN CELL 1 AT 35. O°C IN DIMETHYL SULFOXIDE
Average Ct 95 Percent C Co
a
-
Time (t) in S Confidence 00
in min Micrornhos IN Interval C - Ct00
.49 1.50 .00b .01 1.014
1. 00 1. 88 .01 .02 1.035
1.50 2.20 .01 .01 1.053
2.00 2.54 .01 .02 1.074
2.50 2 • 87 .02 .04 1.094
3.00 3. 19 .01 .02 1.115
3.50 3 . 46 .00 .00 1.133
4.00 3. 74 .00 .01 1.154
4.50 4. 01 .01 .01 1.173
5.00 4 • 25 .01 .02 1.199
6.00 4 .76 .02 .04 1.231
7.00 5.18 .02 .03 1.266
8.00 5 . 66 .03 .06 1.309
9.00 6. 10 .03 .05 1.350
10.00 6. 43 .07 .14 1.383
15.00 8. 24 .02 .04 1.597
20.00 9.59 .02 .05 1.807
25.00 10 . 66 .05 .10 2.014
30.00 11. 58 .07 .14 2.236
40.00 12 .99 .05 .09 2.692
= 1.25 Micromhos
19.93 Hicromhos
bThese values are calculated from errors in time.
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TABLE XXXVI
AVERAGE CONDUCTAL\fCES l\..ND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000050 £il0LES OF 2,4-DINITROIODOBENZENE
IN CELL 1 AT 35.0°C IN DI~rnTHYL SULFOXIDE
Average C t 95 Percent Coo C
a
-
Time (t) in S Confidence 0
in min Micromhos VN Interval C - C t00
.56 3 .00 .00b .00 1.035
1.00 4.17 .03 .06 1.068
l. 50 5.30 .00 .00 1.104
2.00 6.25 .05 .09 1.136
2.50 7.51 .03 .05 l. 180
3. 00 8.48 .02 .03 1.217
3.50 9.43 .02 .04 1.256
4 .00 10.31 .02 .04 1.294
4.50 11.18 .02 . 03 1 . 333
5.00 11.95 .04 .07 1.371
6 . 00 13. 39 .03 .06 1.447
7.00 14.70 .05 . 09 1 . 524
8. 00 15.91 .04 .06 1. 602
9.00 17.00 .05 .09 1.680
10 .00 17.98 .04 .08 1.757
11. 00 18.93 .07 . 12 1 . 838
12.00 19.75 .04 . 08 1 . 915
13.00 20 .55 .05 .08 1.996
14 .00 21. 29 .05 .08 2 .077
15.00 21 .96 .03 .06 2 .157
20.00 24 .66 .04 .07 2.550
= 1.75 Micromhos
39.43 Nicromhos
bThese values are calculated from errors in time.
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TABLE XXXVII
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIv"'EN THrnS:
.000070 MOLES OF 2, 4-DINITROIODOBENZENE
IN CELL 1 AT 35.0°C IN DIMETHYL SULFOXIDE
Average Ct 95 Percent C C
a
S -Time ttl in Confidence
00 0
in. min J:.1icromhos /"N Interval Coo - Ct
.27 3.00 b .00 1.020
.0Ob
. 37 3.50 .0Ob .00 1. 031
.54 4.00 . a5 .09 1.042
1. 00 5.97 .24 .47 1.087
1.50 8.36 .04 .08 1.148
2.00 10.24 .02 .04 1.201
2.50 11.96 .04 .07 1.254
3.00 13.44 .10 .21 1.303
3.50 15.19 . 09 . 15 1 . 367
4 .00 16.19 .1 7 .34 1.406
4 .50 17.64 .12 .20 1.468
5.00 18.71 .14 . 29 1 . 516
6 .00 20.88 .14 .29 1. 625
7.00 22.84 .13 .25 1.738
8. 00 24.57 .11 .21 1. 852
9 .00 25.95 .20 .41 1.953
10. 00 27.30 .22 .45 2.065
11.00 28.56 .20 .41 2.181
12.00 29.64 .19 .39 2.290
13.00 30.68 .19 .40 2.408
14 .00 31.65 .20 .41 2.528
15.00 32.49 .22 .45 2.642
20 .00 35.83 .29 .59 3.224
a C = 2.0 4 ~1icromhos
a
Coo = 51.03 Micromhos
bThese values are calculated from errors in time.
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TABLE XXXVIII
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GI\lEN TllvIES:
.0 000 25 ~10LES OF 2, 4-DINITROIODOBENZENE
IN CELL 2 AT 25.0 °C IN DIMETHYL SULFOXIDE
Average C t 95 Percent C Co
a
S -Time Ct) in Confidence co
in min Micromhos IN Interval C - Ct00
.52 15.00 .04b .. 07 1.023
1.00 21.40 .21 .41 1.047
2.00 33 .42 .09 .16 1. 09 4
3.00 44 .48 .02 .03 1.142
4 .00 54.43 .a2 .03 1.188
5.00 64 .13 .19 .35 1.238
6.00 73 .02 .18 .32 1.287
7.00 81 .03 .17 .35 1.334
8 .00 88 .55 .11 . 23 1 . 382
9 . 00 95 . 87 .33 .66 1. 432
10.00 102. 20 .06 .12 1.479
11.00 108.33 .12 .24 1.526
12 .00 114 .42 .13 .27 1.577
13 .00 119.90 .10 .18 1.627
14.00 125.23 .03 .06 1.677
15.00 129 .90 .20 .35 1. 723
20 .00 151.00 .10 .18 1.971
30.00 180 .77 .38 .77 2 .472
60 .00 226.87 .29 .59 4.082
90 .00 248.10 .15 .29 5.848
a C :::::: 8.51 Microrobos
o
C :::::: 297. 70 Micromhos
co
bThese values are calculated from errors in time.
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TABLE XXXIX
AVERAGE CONDUCTANCES AND CONDUCTIVITY P..ATIOS AT GIVEN TU1ES:
.000050 :rvlOLES OF 2,4-DINITROIODOBENZENE
IN CELL 2 AT 25.0 °C IN DI.METHYL SULFOXIDE
Average Ct 95 Percent C Co
a
S -Time ( t) in Confidence
00
in min Hicromhos IN"" Interval Coo - C t
. 40 30 • 00 1.20b 2.56 1. 030
1.00 62.60 .80 1.47 1.093
2.00 108 .67 .44 .88 1.197
3.00 145.30 .60 1.06 1. 293
4.00 178 .40 .86 1.65 1.396
5.00 207 .22 .89 1.76 1.499
6.00 229 .25 1. 48 2.94 1.589
7.00 253.00 .76 1. 47 1. 700
8.00 273 .47 1.55 3.01 1.807
9.00 290 .40 1.07 2.06 1.907
10.00 305.73 1.13 2.06 2.007
11.00 319 .53 .53 .94 2.108
12.00 333 .67 .99 2.01 2.222
13.00 345.73 1.05 2.12 2.328
14.00 356.63 1.07 2.18 2.434
15.00 366.63 1.06 2.06 2.540
20.00 407 .93 1.16 2.36 3.097
25.00 436 • 67 1. 04 2.12 3.654
30.00 459 .00 .95 1. 89 4.252
a c = 12.88 Micromhoso
Coo = 596.30 Micromhos
ues are calculated from errors in -1-'.... lme.
91
TA..BLE XL
AVERAGE CONDUCTANCES A..1\JD CONDUCTIVITY RATIOS AT GIVEN THms:
.000070 MOLES OF 2,4-DINTTROIODOBENZENE
IN CELL 2 AT 25.0 °C IN DHmTHYL SULFOXIDE
Average Ct 95 Percent C Co
a
S -Time (t) in Confidence 00
in min Micromhos IN Interval C - Ct00
.21 30.00 b .60 1.018.31b
.53 60.00 .55 .93 1.060
1.00 98.50 2.18 4.41 1.121
1.50 134.00 2.61 4.90 1.183
2.00 167.50 3.40 6.61 1.248
2.50 196.75 3.98 7.59 1.311
3.00 224.12 4.25 9.06 1.376
3.50 246.25 4.93 10.04 1.433
4.00 268.50 5.58 11.02 1.496
4.50 289.37 5.48 10.53 1.560
5.00 308 .12 6.26 12.49 1.623
6.00 346.20 6.76 13.96 1.766
7.00 376.27 6.78 13.96 1.899
8.00 407.00 2.02 4.13 2.058
9.00 430 .72 3.89 9.02 2.199
10.00 452.62 .79 1.86 2.348
12.00 488.70 1.24 2.55 2.643
15.00 528.87 .94 1. 77 3.073
20.00 574.75 .75 1.33 3.774
25.00 609.45 2.25 4.00 4.560
30.00 634 .40 2.30 4.09
5.364
a C = 16.85 Micromhos
o
Coo = 775.90 Micromhos
bThese values are calculated from errors in time.
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TABLE XLI
Av"'ERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000025 MOLES OF 2,4-DINITROIODOBENZENE
IN CELL 2 AT 35.0 °C IN DIi::1ETHYL SULFOXIDE
Average C t 95 Percent C C
a
S -Time ( t) in Confidence 00 0
in min Micromhos IN Interval Coo - Ct
.29 25. 00 b .29 1.016.16 b
.50 30 .00 .00 .00 1.031
1.00 41.47 .09 .18 1.067
1.50 52.07 .07 .12 1.101
2.00 61.63 .19 .35 1.136
2.50 71.23 .19 .35 1.172
3.00 80 .27 .37 .71 1.209
3.50 88 .33 .33 .59 1.244
4.00 96 .10 .49 1.00 1.277
4.50 103.50 .29 .59 1.314
5 .00 110 .63 .35 . 71 1 . 350
6 .00 123.40 .31 .59 1.421
7.00 134.53 .18 .35 1.488
8.00 145 .17 .17 .29 1.588
9 .00 155 .63 .45 .88 1.634
10.00 164 .53 .39 .77 1.704
12.00 181.10 .59 1.18 1.854
15.00 20 a .73 .80 1.53 2.070
20.00 225 .80 .49 1.00 2.429
25.00 244.40 .21 .41
2.788
30 .00 259 .20 .47 .94
3.160
40 .00 280.07 .61 1.24
3 . 892
a C = 1-9.50 Micromhos
o
Coo = 370.10 Micromhos
bThese values are ca1cu1a ted from errors in time.
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TABLE XLII
AVERAGE CONDUCTANCES Ai'fD CONDUCTIVITY fu"\TIOS AT GIVEN Tn·1ES:
.000050 ~10LES OF 2,4-DINITROIODOBENZENE
IN CELL 2 AT 35.0 °C IN DD1ETHYL SULFOXIDE
Time (t)
in min
.27
.48
1. 00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
20.00
Ave::age C t
J...n
Micromhos
40.00
60.00
104.40
142.73
175.90
205.50
230.27
254.93
276.60
297 . 27
314.33
346.83
373.97
399.03
418.63
436.20
452.57
467.07
480.03
491.90
502.00
543.50
S
IN
b
.86 b
.00
.40
.27
.56
.50
.15
.23
.21
.15
.17
.60
.37
.48
.41
.61
.35
.47
.29
.21
.29
.29
95 Percent
Confidence
Interval
1.52
.00
.71
.47
1.06
.88
.29
.47
.41
.29
.29
1.18
.71
.88,
.83
1.18
.71
.88
.59
.41
.59
.59
C~ - C a
~ 0
1.024
1.055
1.131
1.206
1.280
1.354
1.423
1.498
1.572
1.649
1.719
1.868
2.016
2.174
2.315
2.460
2.611
2.761
2.911
3.064
3.206
3.966
ac = 23.44 Micromhos
o
C == 718.70 Micromhos00
bThese values are calculated from errors in time.
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TABLE XLIII
A\lERAGE CONDUCTAJ.\iCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:
.000070 MOLES OF 2,4-DINITROIODOBENZENE
IN CELL 2 AT 35.0°C IN DH1ETHYL SULFOXIDE
Average C t 95 Percent C C
a
Time It) in S Confidence 00 0
in min Micromhos IN Interval C Ct00
.17 50.00 b .00 1.022.00b
.34 80.00 .00b .00 1.059
.47 100.00 .00 .00 1.085
1. 00 176.00 2.00 3.54 1.197
1.50 232.67 .33 .59 1.297
2.00 283.33 .88 1. 77 1.401
2.50 333. 00 3.51 6.49 1.520
3.00 363.67 .88 1. 77 1.606
3.50 397.67 1.86 3.54 1.712
4.00 430.67 1.33 2.36 1 . 829
4.50 455.33 1.86 3.54 1.928
5.00 479.33 1.45 2.95 2.034
6.00 514.83 6.82 13.27 2.217
7.00 557.60 1.80 3.24 2.484
8.00 587.30 1.33 2.71 2. 711
9.00 613.40 1.42 2.89 2.949
634.57 1.95 3.95
..., 17410.00 .) .
11.00 654.20 1. 74 3.54 3. 416
12.00 672.40 2.60 5.31 3. 674
13.00 686.67 2.03 4.13 3. 907
14.00 700.43 1.89 3.83 4.161
15.00 711.00 2.00 3.56 4. 380
20.00 759.77 2.38 4.31 5 . 782
a C = 31.23 Micrornhos
o
Ceo = 912.10 Micrornhos
bThese values are cal ated from errors in time.
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Figure 9. Increase in conductance ratio with time:
2,4-dinitroctlorobenzene with ETOH in cell 1 at 25.0 oC.
96
20
Key
o 0.0025 Moles
• 0.0020 Moles
• 0.0010 Moles
15105
1.00 '-------+------t------+----....-..+---------
o
7.00
3.00
l-
o
I 5.00
8
o
-o
U
I
8
o
Time in minutes
Figure 10. Increase in conductance ratio with time:
2,4-dinitrochlorobenzenc with ETOH in cell 2 at 25.0 oC.
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Figure 11. Increase in conductance ratio with time:
2,4-dinitrochlorobenzene with DMSO in cell 1 at 25.0~C.
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Figure 13. Increase in conductance ratio witb time:
2,4-dinitrochlorobenzene with DMSO in cellI at 35.0 aC.
100
7.00
-I-
U
I 5.00
a
o
.......
o
U
I
a
o
3.00
1.00
0.0 2.5 5.0 7.5
Key
o 0- 000070 Moles
.. 0.000050 Moles
• O. 000025 Moles
10.0
Time in minutes
Figure 14. Increase in conductance ratio with time:
2,4-dinitrochlorobenzene with DMSO in cell 2 at 35.0 oC.
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2,4-dinitrobromobenzene with DMSO in cell 2 at 25.0°C.
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2,4-dinitrobromobenzene with DMSO in cell 2 at 35.0
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2,4-dinitroiodobenzene with DMSO in cell 1 at 25.0 oC.
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Figure 21. Increase in conductance ratio with time:
2,4-dinitroiodobenzene with DMSO in cell 1 at 35.0 oC.
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2,4-dinitroiodobenzene with DMSO in cell 2 at 35.0°C.
CHAPTER IV
CONCLUSIONS AND DISCUSSION
"Determination of cell constants. Table XLIV shows
the reproducibility of cells I and 2, as determined from
their cell constants before and after the rate studies.
The accuracy of conductance measurements was limited to
four significant figures.
TJl.BLE XLIV
REPRODUCIBILITY OF CELL 1 A..~D CELL 2 AT Vl--.RIOUS
CONCENTPATIONS OF KCL AT 25.0 oC
KCl, M
Cell
Cell
Constant
in cm- l
1
Resistance
of cell
in ohms
Cell 2
Cell Resistance
Constant of cell
in cm- l in ohms
0.00100
0.00500
0.01000
1.4113±.0025
1.4165±.0018
1.4247±.0056
9607
1974
1008
.1544±.0002
.1555±.0005
.1566±.0002
1051
216.7
110.8
The change in cell constant was also observed by
Frank and by Berkland, who prepared new solutions, but ob-
tained the same results. In this study an upward drift in
conductance between several determinations of solution con-
ductance at a specific concentration was observed, but
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attributed to poor grounding or temperature drift since the
change was small. Youngberg (49) observed that the con-
ductance of the solution tended to increase while it was
being measured, but stopped when the solution was removed
from the cell. A similar phenomena was noted by Noyes (95)
when measuring HCI solutions. Youqgberg indicates this is
probably caused by ions, which were absorbed during
platinization, going into solution from the platinum black
surface, since the problem was overcome by allowing the
cells to stand filled with conductivity water for several
weeks.
The deviations, while being consistent for both
cells, are higher for cell I than cell 2. However, the
relative deviations for both cells are approximately the
same. Cell 2 was replatinized during the preliminary
studies in ethanol. The measurements of the cell constants
after the reaction rate study in DMSO were higher for cell
I and lower for cell 2. This same trend was observed by
Berkland and attributed to experimental error in the
measurement since the deviations were small. The cell
constant variance represents an overall effect, since, ather
~h' ~ t.he replatl'nization of cell 2, the cell constant wasenan Lor
not determined between runs. Following the initial deter-
mination of the cell constants and establishment of the
relative precision of a conductance measurement, the reac-
tion in ethanol was performed to gain facility with the
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equipment and check the reproducibility of the work by
Frank and by Berkland.
The 2,4-dinitrochlorobenzene reaction in ethanol
(ETOH). This reaction was run to check the measuring sys-
tem and relate this study to those of C. O. Frank and T. R.
Berkland. The data obtained for t.he reaction at 25.0 °C is
listed in Tables II through VII and in Figures 9 and 10.
The recorded times were plot.ted against the conductivi ty
ratios and the parameters were calculated using a least
squares technique. Table XLV contains the slopes of the
lines, y-intercepts, and coefficients of determination.
The rate constants, half-lives, and reaction order with re-
spect to time are recorded in Table XLVI.
A reasonable fit of the data to equation (33), which
was developed for a second order reaction, is indicated by
the calculated y-intercepts and the coefficients of deter-
mination which are both close to their respective theoreti-
cal values of 1.00. Furt~ermore! the reaction order with
res ct to time (n
t) is close to the theoretical value of
2.00 lending further credence to equation (33).
Youngberg determined the initial conductance Co by
extrapolating to time zero the conductance values r the
first few minutes of the reaction, since the measurement of
the piperid solution conductance, the major contributor,
100 Q I.n this study a similar tech-varied by as much as ~.
de t e rmi n a t i on of the initialnique was employed for the
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TABLE XLV
SLOPES 1 Y-INTERCEPTS, AND COEFFICIENTS OF DETERMINATION
FOR THE 2, 4-DINITROCHLOROBENZENE REACTION AT
25.0°C IN ETOH
r-'loles of DNCB/
40.0 ml
cell volume
.00100
.00200
.00250
Slope
.0844
.1770
.2034
Y-intercept
CellI
.985
.999
1.035
Coefficient of
determination
.9996
.9999
.9998
Holes of DNCE/
20.0 ml
cell volume
.00100
.00200
.00250
Cell 2
.1738 1.010 .9994
.3212 1.066 .9970
.3985 1.021 .9964
TABLE XLVI
RATE CONSTAt"lT, HALF-LIFE, AJ.\fD REACTION ORDER
FOR THE 2,4-DINITROCHLOROBENZENE REACTION
AT 25.0°C IN ETOH
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Moles of DNCB/
40.0 ml
cell volume
.00100
.00200
.00250
rate k
u mol- l min-1)
Cell 1
1.688
1.770
1.627
t 1
"2
(minutes)
11.85
5.65
4.92
2.03
2.05
2.13
!'101es of DNCB/
20.0 ml
cell volume
.00100
.00200
.00250
Cell 2
1.738 5.75 2.10
1.606 3.11 2.17
1.594 2.51 2.11
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conductances of the DMSO reactions/ w~th. the only
... difference
being that the log of the conductance was Ipotted against
time and extrapolated to t;me zero. Th'
... ~s was more con-
venient because the conductance increased very rapidly mak-
ing scaling difficult. As noted by Youngberg this problem
was not discussed by either Berkla~d or Frank. The initial
conductance values determined by Berkland for the bromo and
iodo reactions in ethanol appear internally consistent on
the basis of the ratios of the initial conductance (C ) at
o
different concentrations as compared with the infinity con-
ductance ratios for the same concentrations. Frank's
initial conductance values for the chloro reaction at 25.0°C/
however, had some discrepancies and do not permit a compari-
son with Berkland's initial conductance values for the same
reaction. Similar difficulties with the initial conductance
values in this study made it necessary to determine by
extrapolation the initial conductance values for the chiaro
reaction in ethanol at 25.0°C for all three studies. The
extrapolated and measured values of the initial conductances
are listed in Table XLVII. The extrapolated C values were
- 0
studies.
used in calculating the conductance ratios of all three
In addition to this, some errors were found in the
calculations of Frank and Berkland. Before a comparison of
all three studies could be made it was necessary to re-
calculate their data for the chIaro reaction.
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TABLE XLVII
EXTRAPOLATED &~D rlliAAND THIS STUDySURED Co VALUES FOR FRAJ.'fK, BERKLAND
FOR 2,4-DINITROCHLOROBENZENE A~
25°C IN ETOH ~
.00250
This study .00200
Holes of DNCB/
cell volume
Frank
Berkland
.00100
.00200
.00250
.00100
.00200
.00250
.00100
Extrapolated Measured
Cell Cell
1 '2 1 2
10.59a 195.2 5.20 61. 00
20.50 446.7 5.00 76.00
32.70 566.0 5.90 85.00
10.36 195.3 5.95 64.90
20.69 358.5 8.20 122.0
27.95 440.1 7.32 89.50
10.10 173.8 4.70 66.02
21.87 354.8 5.31 71.17
30.44 501. 2 10.50 74.50
a· .un i, t: mlcrOIJl.,.'10S
The computer program used in this study was used to
recalculate the data of both workers for the chloro reac-
tion at 25.0 0C and Berkland 1 s data for 'G'le 2, 4-dini troiodo
and bromobenzene reaction at 25.0° and 40.0°C. Berkland's
tunately Frank's was not available and recalculation of his
original notebook was ava able for this purpose. Unfor-
data was accomplished by using for the computer input the
reciprocal of the average resistance (average conductance)
3.2% . This
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for each time interval as hvo measurements in order that
the program function properly. The normal computer print-
out was obtained except, of course, that the standard
deviation and 95% confidence interval for each measurement
were zero.
Frank reported an average rate constant of 1.744±
-1 .-1
.080 1 mol rni.n and Berkland calculated the rate as
-1 .-11.686±.084 1 mol mln • In contrast, the recalculated
rates for Frank and Berkland are 1.753±.113 and 1.649±.096
respectively as compared with 1.670±.073 1 mol- l min- l for
this study. The recalculations were checked both by hand
and with an electronic calculator. Good agreement was
found between some of the original conductance values and
the recalculated values.
The rates were recalculated using the extrapolated
initial conductances. However, prior to this, the reported
rates were recalculated on the basis of the measured con-
ductances. The rates for Frank, Berkland and this study,
in this case, were 1.792±.113, 1.699±.094, and 1.746±.078
-1 . -1 h 1 1 t d1 mol . mln respectively. Actually t e rates ca_cu~ae
by Frank and Berkland displayed a double problem, simple
calculation error and discrepancies in the initial con-
ductance values. The actual difference in the range be-
tween these two sets of recalculated rates is very small
~h ae of eacn' set is onl'y?
and the difference between .c. e avera~- -
h the l.·•. n1.·t1.·al conductance does noticates tl at
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affect the conductance ratio in proportion to the change in
the value of the initial conductance when the extrapolated
initial conductance is used.
One possible source of error for both Frank and
Berkland is the fact that they performed all calculations
for this reaction by hand without the aid of an electronic
calculator, though Berkland used a computer in the latter
part of his study to determine the slope and intercept by
plotting time against the conductance ratio. The recal-
culated rates for Frank and Berkland and the rates deter-
mined in this stUdy are listed in Table XLVIII.
TABLE XLVIII
RECALCULATED REACTION PATES FOR FRA..l\JK, BERKLfu'JD AND THIS
STUDY FOR THE 2,4-DINITROCHLOROBENZENE REACTION
AT 25.0°C IN ETOH
.001
Moles of DNCB/cell volume
Cell 1 Cell 2
.002 .0025 .001 .002 .0025
Frank
Berkland
This study
1.646 a 1.895
1.524 1.662
1.688 1.770
1.816 1.597 1. 750
1.661 1. 534 1.732
1.627 1.738 1. 606
1. 813
1. 764
1.594
-1 -1
a un i t: 1 mol min
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Berkland conclUded from a comparison of his rate
determination with that of Frank that the measurement of
conductance and resistance were at least comparable. It
can be seen in Tables II through VIr that while variance is
r a t h e r random with an ~n rea . d
.... c se a.n con uctance, the variance
of a conductance tended to increase with an increase in
conductance. A similar trend was observed by Berkland
which is opposite to that obtained by measuring resistance,
but the error in ppt was essentially the same for all three
studies under discussioni the precision of the measurement
becomes greater as the reaction slows down.
The average relative percent deviation of a measure-
ment in Cell I in terms of variance was 0.48%, while for
Cell 2 it was 1.02%. For Cell I used by Berkland the aver-
age percent relative deviation was 0.45% and for Cell 2
0.49%. The relative error expressed in terms of the 95%
confidence interval was, of course, approximately twice
that of the variance. The error in measurements made by
Berkland was less than that of this study, but they are
both wi thin the equipment I s range of reproducibility.
A comparison is made in Table XLIX between the
. +:.....'infinity conductances at different concentrat1.ons ~or LDe
~here 1.'._~ good aqreement in the infinitythree studies. ... -
. t d The closer ratiosratios between Berkland and t.h i.s s ucy .
d ' v e r th·e ratios obtained by Frankin these two stu les 0 .. .. -
, f' 't onductanc~ measurements (Coo) wereindicate the 1.n ln1. y c· ~ .
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made closer to the equilibrium point of the reaction by
Berkland and this stUdy.
TABLE XLIX
RATI?S O~ THE INFINITY CONDUCT&~CES FOR VARIOUS
CONCEN~RATIONS OF 2,4-DINITROCHLOROBENZENE
AT 25.0°C IN ETOH
~·~oles of This Study Berkland Frank
DNCB/cell
volume Cell I Cell 2 Cell I Cell 2 Cell 1 Cell 2Coo/Cw
. 00 25/ . 0020 1.17 1.25 1.19 1.17 1.13 1.20
.0020/.0010 1.72 1.71 1. 70 1. 70 1. 73 1.64
.0025/.0010 2.05 2.14 2.02 2. a3 1.97 1.98
Berkland was unable to compare individual con-
ductances with values obtained by Frank because different
concentrations were used in those two studies. For CellI
in this study and that of Berkland the same concentrations
were used, making possible a comparison of individual con-
ductance values. The conductance values at the three con-
centrations, 0.0010, .0020, and .0025, of this study were
plotted against the corresponding values of Berkland to
determine the degree of correlation. The slopes were .9361,
.9319, and .9421, respectively, while the coefficients of
determination were .9998, .9996, and .9996, respectively.
the measurement technique of the two exper
The high de e of correlation indicates a consistency in
ters. The
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slope, while consistent, indicates the concentrations in
this study were higher than those used by Berkland.
While inconsistencies in the measured initial con-
ductances do not permit a comparison as done for the
infinity conductances, it is possible to calculate the
ratios of the extrapolated conductances. These ratios are
listed In Table L. The ratios for this study are more con-
sistent than for those of Frank or Berkland. The incon-
sistencies may in part be due to errors in graphical analy-
sis, measurement errors in making up the piperidine solu-
tions, or in manipulating the syringe used to introduce the
piperidine into the reaction cell. The ratios for the
infinity conductances in Table XLIX are both closer and
lower than for the extrapolated initial conductances. The
ratio of (.0025/.0010) displays the greatest difference and
also the terrn (.0025/.0020} is higher than the infinity con-
ductance ratio with the same concentration terms.
Cell 2 of this study exhibited some variation both
from Cell I of this study and the conductance values for
Cell 2 at the .0025 mol concentration level determined by
Berkland. The .0025 mol reaction in Cell 2 exceeded the
maximum conductance of the bridge (11,111.11 micro mhos)
after the reaction had proceeded for 15 minutes. The con-
ductance ratio was plotted against time through the 5
minute Doint to determine the reaction rate.
'-
As noted in
the experimental section, crystals of the product,
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2,4-dinitrophenylpiperidine were observed forming in Cell 2
on the platinum electrodes after a period of one hour. It
appears that the smaller cell volume of Cell 2 in this study
(20.0 ml), as compared to the 28.0 ml used by Berkland and
the 29.5 ml cell used by Frank, resulted in the formation
of a super saturated solution of 2~4-dinitrophenylpiperi­
dine in ethanol during the Course of the reaction. The
formation of crystals on the platinum electrodes would
alter the surface area of the electrodes, thereby changing
the value of the measured conductance from the true value,
accounting in part for the problems encountered with
Cell 2 at 0.0025 moles concentration.
TABLE L
RATIOS OF THE INITIAL CONDUCTNqCES FOR VARIOUS
CONCENTRATIONS OF 2,4-DINITROCHLOROBENZENE
AT 25.0°C IN ETOH
Moles of
DNCB/cell
volume
This Study
Cell 1 Cell 2
Berkland
Cell I Cell 2
C /C
o 0
Frank
Cell I Cell 2
1.39 1.41 1.35 1. 23 1.59 1. 27.0025/ .0020
2.04 2 . 00 1 . 83 1.93 2.29.0020/.0010 2.16
2.88 2 .70 2 . 25 3.09 2.89.0025/.0010 3.01
Since three independent experimenters have deter-
. 11 th same condi-r a t.e constant under essentla y ,e "mined the r,
(96) can be performed on thetions, an analysis of variance
cell, concentration, andrate constants with respect to
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experimenter. Table XLVIII th
. .. was .e des ign model for the
variance analysis where experimenters (.met.h.o.d) and
. concen-
trations are considered fixed variables and Cell 1 and
Cell 2 are considered random variables. The source of
variation, degrees of freedom a d th l'
.. , n e ana YSlS of variance
terms SS, sum of the squares,MS, mean square, and F test
ratio are listed in Table LI. The calculation formulas
for the S8 terms and F test ratios are listed in Appendix
II.
Looking up the F values in an F test table (96)
yields the following conclusions at both the 0.05 and 0.01
probability levels. There is no significant variation attrib-
utable to concentration, cell, experimenter, interaction of
concentration and experimenter, or the interaction of cell
and concentration. On t."ie basis of the ANOVA results it
would seem plausible to combine the 18 rate constants in
Table XLVIII to obtain a more representative value for the
rate of 2,4-dinitrochlorobenzene in ethanol at 25.0°C. The
rate then becomes 1.691 1 mol- 1 min- l ± .094.
rate con s t a n t determined by this studySince the
was in agreement with the corrected values determined by
Frank and by Berkland, the halogen series was reacted with
. . .. . D.~1S·0 at·· 25.0°C and 35.0°C in order to deter-p i pe r .i.d i.ne In ~,
. , halogen series, and activationmlne the rate constan~s,
energies and entropies.
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TABLE LI
AL"JALYSIS OF VARIANCE OF EXPE .. r
CELLS FOR THE REACTION OF 2RI:~TERS I CONCENTPATIONS, AND
PIPERIDINE A ,4 DLNITROCHLOROBENZENE WITH
-T 2 5 • 0 0 C IN ETOR
:
d.f. SS HS=S5/d.f. F
2
.041631
.020816
.4988
1
.002568
.002568
.060122
2
.035958
.017979 2.987
2 .000129 .000064 .01278
4 .058919 .014730 2.943
2 .012038 .006019 1.203
Cell
Source of
Variation
Concentration
X Experimenter
Concentration
Experimenter
Concentration
X Cell
Cell
X Experimenter
Concentration X Cell
X Experimenter
(error term) 4 .020018 .005004
d.f. = degrees of freedom; 55 = sum of the sauares;
MS = mean square; F = HS/error ~·'1S (calculated F vaLue test
ratio), see Appendix II.
Reactions in Dimethylsulfoxide (DMSO). The reac-
tions in DrvlS0 were, as expected, much faster than those in
ethanol which necessitated using approximately one-
hundredth of the concentrations used for the ch Lor o reac-
tions in ethanol. As noted in the experimental section,
DMSO solutions of 2,4_dinitrochlorobenzene sp l, ed a r
color than ethanol solutions even though m1S0 sol u-
tions were less concentrated. A solution of
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2,4-dinitrochlorobenzene in DMSO ·(5 .. 1.0- 5 ./
. x mol 30 ml) was
prepared and the conductance monitor,e-d 'Th
. .e conductance
changed slowly over several hours to a,. c t· t 1
ons an va ue. The
recovered material was shown by melting point to be the
original 2,4-dinitrochlorobenzene. Several runs were made
with a solution that had been allowed to stand for several
days and consistent results were obtained between runs.
Ritchie and Pratt (55) reported that DMSO "may form
dimers: as well as weak 1:1 complexes due to antiparallel,
electrostatic multipolar interactions involving localized
polar groups rather than entire molecules. u This might
account for the greater color intensity in DMSO and might
in part explain the change in conductance observed. Never-
theless, a change in conductance with time would not be
expected, but rather an instantaneous increase upon mixing.
Color change was not monitored with a spectrophotometer.
As reported by Youngberg C49} I ions on the platinum
electrodes may go back into solution producing an increase
in conductance over time. Given the good solvent properties
of DMSO, this might in part account for the change, or
drift, in conductance observed. However, a color change 1S
usually indicative of chemical reaction between two species.
Kalthoff and Reddy reported DMSO decomposition when
refluxed over CaO or BaO and that removal of decomposition
products, which were not identified, was impossible (97).
T. he.. '·h (p.'. , 23) has been suggested for thellowlng sc erne 19.
(CH~)2 SO )CH~SH + HCHO )(HCHO)X (48)
2 CH3SH + HCHO ,(CHaS )2 CHa+ HaO (49)
c. CHaSH t (CH a)2 SO ;.CH3SSCH3 + CH 3SCH3 + H20 (50)
2 (CH3)2S0 :>CH 3SOaCH3 + CH 3SCH a
Figure 23. Suggested scheme for decomposition of dimethyl
sulfoxide (ref. 98).
(51 )
I"-'
N
U1
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generation of decomposition products (98) h
. T e compounds
dimethyl sulfide, dimethyl disulfide and bis-methylthio-
methane could react with 2,4-dinitrohalobenzene. The reac-
tion of dimethylsulfide with 2,4-dinitrohalobenzene (99)
yields a compound (CI2HSN204S) of molecular weight 276.28,
which when crystallized from benzene yields pale yellow
needles, mp 117°C. The amount of such impurities if~ ,
present, in the distilled DMSO was very small as evidenced
by the small change in conductance. Hence, the relative
rates of the various halo-compounds would not be affected.
The ChIaro Reaction. The data for the reaction of
2,4-dinitrochlorobenzene with piperidine in DMSO are listed
in Tables VIII through XIX and Figures 11 through 14. The
slopes, y-intercepts, and coefficients of determination are
listed in Table LII. The rate constants, half-lifes, and
reaction orders are listed in Table LIII.
The maximum recorded conductances in Cell 1 and
Cell 2 were approximately 50 and 800 micromhos respectively.
This is much less than the comparable values for the chIaro
reaction in ethanol of 800 and 12,600 micromhos for Cell I
and Cell 2, respectively. While lower than the conductances
for the ethanol reaction, the same value ranges for the
conductance ratio were obtained. The reaction in ethanol
required approximately 60 minutes to reach 80% completion,
was r e q_u i r e d for the lowest concentra-while only 30 minutes
tion DMSO reaction in Cell 1.
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TABLE LII
SLOPES, Y-INTERCEPTS, AND CO •.. T
THE 2, 4_DINITROCHLOROBM~~~~i~ENTSOF DETER.1v1INATION FOR
VARIOUS CONCEN'T'RAJ:. L. REACTION IN Dr-1S0 AT
- TIONS k~D TEMPERATURES
Moles of DNCB/
40.0 ml
cell volume
Slope y-intercept
25.Qoc 35.0°C
CD
25.0°C 35.0°C
Cell 1
0.000025 .1875 .2383 .989 1.031 .9997 .9989
0.000050 .3406 .5632 1 .002 1.045 .9999 .9991
0.000070 .4350 .6105 1 .013 1. 046 .9996 .9995
Moles of DNCB/
20.0ml
cell volume Cell 2
0.000025 .3921 .4625 .933 1.005 .9998 .9996
0.000050 .7211 .8935 .900 .992 .9998 .9998
0.000070 1.041 1.507 .907 .905 .9982
.9906
The error of a measurement tended to increase with
concentration, temperature and time, but this is misleading
since the relative error became less as the reaction slowed
down. The average percent relative deviation of a measure-
ment for CellI and Cell 2 at 25.0°C was 1.54 and 0.51%
respectively. For the ethanol reaction in this study, Cell 1
ues are nearly the same for Cell 1 and Cell 2
data the
had a lower relative percent deviation than Cell 2 with the
average for both cells being 0.75%, \v'hile for Berkland IS
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wi th an average of 0.47%. The higher error of 1.0% in DMso
can probably be attributed to tbe faster rate of reaction.
Nevertheless, this error is ~itbin the reproducible range
of the equipment.
TABLE: LIII
RATE CONSTANT, HALF-LIFE I Ai'JD REACTION ORDER FOR THE
2,4-DINITROCHLOROBENZENE F.EACTION IN m~so AT
VARIOUS CONCENTRATIONS AND TEl1PEHATURES
t101es of DNCB/
40.0 ml
cell volume
rate k
(l mol- l
min-1)
25.0 0C 35.0 o c
t k
2 n(min) t
25.0°C 35.0 o c 25.0°C 35.0°C
Cell 1
0.000025 150.0 190.6 5.33 4.20 1.85 1.96
.000050 136.0 225.0 2.93 1.78 2.18 1.860
0.000070 124.1 176.5 2.21 1.64 2.02 2.l8
Holes of DNCB/
20.0 ml
cell volume Cell 2
0.000025
0.000050
0.000070
156.8 185.0
137.3 178.7
148.7 215.2
2.55
1.45
.96
2.16 1 .85 1 .86
1.12 2.01 1.82
.66 1. 84 1.79
at 35.0°C the average percentFor the reaction
. cell 1 and cell 2
relative deviation of a measurement In
was approximate the "'i th an average ofsame ""
0.47%. The
bblv related to becominghigher error at 25.0°C was pro a ..
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familiar with the faster react;nq. sy t
-'- _ .•. s . em as compared to the
ethanol reaction.
The y-intercepts indicate that the relationship of
equation (33) is being followed. While several of the
values are a little low, being close to 0.900, these are
still within the range of values opserved for the reaction
in ethanol. This lowering of the y-intercept may be due to
the fast rate of reaction and the fact that the reaction
was plotted through only the first few minutes of the reac-
tion, which have a greater variance than later points. The
coefficients of determination indicate a small amount of
unexplained error in the measurements. But once again, for
the highest concentration in cell 2 at 35.0°C the error
appears higher.
The rates listed in Table LIII did not double with
a 10DC increase in temperature. Though the range of
values for the reaction rate at 25.0°C appears larger than
at 35.0°C, actually the standard deviation is approximately
b h t es ~.L·he averaae of thethe same at ot tempera ur . -
measured rates at 25.0°C and 35.0°C are respectively 142.2
1 mol- l min- l ± 11.9 and 195.2 1 mol- 1 min- l ± 20.00. The
half-lifes show how fast these reactions proceeded as com-
pared to the chloro reactions in ethanol.
number of points were used in the plot of
Hence a smaller
time versus
conductance. the reaction at a lower temperature,Running
'bIe because of the I8.SocoDe for example, was imposSl ...
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melting point of DHSO. The concentrations used were very
dilute and some of the variance in the rate constants may
have resulted from filling errors for the cells and the
syringe. Using more dilute sOlutions to realize a slower
reaction rate and half-life would probably add to the error
since solutions were made by weighing as opposed to volu-
metric dilution from a stock which would introduce a con-
sistent error into the concentration series.
The reaction order with respect to time should be
close to 2.00 if the reaction iS I as assumed, second order.
The values obtained indicate this is the case.
The infinity conductance ratios are listed in Table
LIV. These appear to be very consistent and are in agree-
ment with the ratios calculated for the ethanol reactions.
TABLE LIV
RATIOS OF THE INFINITY CONDUCTANCES FOR VARIOUS
CONCENTRATIONS OF 2,4-DINITROCHLOROBENZENE
IN DMSO
Holes of DNCB/
cell volume Cell 1 Cell 2
C IC
co co
35.0°C
Cell 1 Cell 2
.000070/.000050
.000050/.000025
.000070/.000025
1.19
1. 84
2.20
1.19
1.86
2.22
1.22
1.93
2.35
1.20
1.82
2.18
1.31
The initial conductances, measured and extrapolated,
appear in Table LV. In some cases the agreement bebJ'een
the measured and extrapolated values was good. The
extrapolated initial conductance ratios are given in Tab1.e
LVI. The agreement between values is not as aood as for the
OJ
infinity ratios, but this same tYPe of variance appeared in
the initial conductance ratios for the ethanol reaction.
This should not be critical since the influence on the con-
ductance ratio is small, wi~~ a tendency to shift the
intercept without significantly changing the slope.
TABLE LV
EXTRAPOLATED AND MEASUP~D INITIAL CONDUCTANCES FOR
THE 2, 4-DINITROCHLOROBENZENE REACTION IN DHSO
Holes of DNCB/
Temperature cell volume
Extrapolated
Cell I Cell 2
I::easured
Cell I Cell 2
.000025 1. 53 a 25.96 1. 01 22. 04
.000050 2.63 56.42 1. 36 19. 2025.0°C
3.63 74.13 . 58 15 . 19
.000070
6.02 91.10 5.30 112. 70
.000025
12.45 161.90 9.80 129. 3035.0°C .000050
14.12 187.5 5.78 67. 60
.000070
a <
unlt: micromhos
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TABLE LVI
RATIOS OF THE INITIAL CONDUCTAi\lCES FOR VARIOUS
CONCENTRATIONS OF 2,4-DINITROCHLOROBENZENE
Il-j DMSO
35.0°C
Cell 1 Cell. 2
C /C
o 025.0°C
--.------
CellI Cell 2
Moles of DNCB/
cell volume
.000070/.000050
.000050/.000025
.000070/.000025
1.38 1.31 1.13 1.16
1. 96 2.17 2.07 1.78
2.71 2.85 2.34 2.06
The conductance changes consistently wiG~ respect
to the different concentrations as shown by the infinity
conductance ratios in Table LVII. The ratio of the
infinity conductances at the two temperatures, 25.0°C and
35.0 0C, are about the same as the ratio of the rate con-
stants at 35.0°C to 25.0°C for the corresponding concentra-
tions.
TABLE LVII
RATIOS OF INFINITY CONDUCTANCES AT 35.0°C TO 25.0°C FOR
THE 2,4-DINITROCHLOROBENZENE REACTION IN DMSO
Cell 2Cell 1Piperidine I ~-1
===================-========================
5.0 x 10- 3
-21.0 x 10
1.4 x 10- 2
1.25
1.31
1.33
1. 30
1.17
1.28
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The BromO Reaction. The data for the reaction of
2, 4-dini trobromobenzene with piperidine in DI"'1S0 are listed
in Tables xx through XXXI and in Figures 15 through 18.
The slopes, y-intercepts, and coefficients of determination
are listed in Table LVIII. The rate constants, half-lifes,
and reaction orders are listed in Table LIX.
TABLE LVIII
SLOPES, Y-INTERCEPTS, AND COEFFICIENTS OF DETERMINATION
FOR THE 2, 4-DINITROBROHOBENZENE REACTION IN DM80 AT
VARIOUS CONCENTRATIONS AND TEMPERATURES
Moles of DNBB/
40.0 ml
cell volume
slope y-intercept
25.0 o C 35.0°C
CD
Cell 1
0.000025 .1246 .1823 .990 .995 .9999 .9998
0.000050 .2721 .4405 .981 .990 .9997 .9984
0.000070 .3670 .5988 .965 .965 .9990 .9978
Holes of DNBB/
20.0 ml
cell volume
0.000025
0.000050
0.000070
Cell 2
.2952 .4629 .981
.5948 .6874 .974
.7856 1.249 .918
.846
.973
.890
.9998 .9966
.9996 .9999
.9989 .9965
The
cell 2 were
almost the
reco r de d conductances for cell 1 andmaximum
and 885 micromhos respectively,approximatelY 52
l As before, thisfor. the chIaro ana og.same as
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reaction displayed much lower conductances than the compar-
able values of 538 and 8,000 micrornhos determined by
Berkland for the bromo reaction in ethanol. The bromo com-
pound reacted more slowly in DMSO than the chloro homolog,
but was much faster than the corresponding bromo reaction
in ethanol, requiring only 30 minutes at the lowest con-
centration in cell 1 to reach 79% completion.
TABLE LIX
RATE CONSTfu~T, HALF-LIFE, AND REACTION ORDER FOR THE
2,4-DINITROBROHOBENZENE REACTION IN D1'1S0 AT
VARIOUS CONCENTRATIONS AND TE~WERATURES
Moles of DNBBj
40.0 ml
cell volume
rate k
-1(1 mol
-1
min )
tk;
;/ n(min) t
25.0°C 35.0°C 25.0 aC 35.0°C
Cell 1
99 .7 145.8 8.02 5.49 2.01 2.050.000025
• 8 176.6 3.68 2.27 1. 84 1.800 .000050 108
170.9 2.72 1. 67 2.06 1.900 . 000070 104 . 8
Holes of DNBBj
20.0 ml
cell volume
0.000025
0.000050
0.000070
Cell 2
118.1 185.1 3.39
118.8 137.8 1.68
112.2 178.4 1. 27
2.16
1.45
.80
2.08
1.94
1. 96
1.94
2.08
1.92
in
~35
The average relative pe.rcent devf, atl.'on of a measure-
ment for cell I and 2 at 25.0°C was 1.70 and 0.68, while
for the same cells at 35.0 oC the comparable values were
0.47 and 0.79%. These are in agreement with the values
determined for the chIaro analog in DMSO. Cell 1 exhibits
a higher relative error than cell 2. This may be due to a
maximum precision limit imposed on a measurement by the
physical limitation in manually balancing the bridge, which
would be magnified by the mathematics when the measured
conductance is less than 10 micrornhos.
The y-intercepts and coefficients of determination
are in general agreement with those for the chloro reaction
in DMSO. The rates at 25.0°C and 35.0 0 C are, when aver-
aged, 110.41 mol- l min- l ± 7.5 and 165.7 1 mol- l min- l .:t
19.2 respectively. The reaction order with respect to t
is close to 2.00 for these reactions also, indicating the
same order as for the reaction in ethanol.
The infinity conductance ratios are listed in
Table LX. At all concentrations and temperatures these
ratios are slightly higher than for the chloro reaction
DMSO. The initial conductances, measured and extrapolated,
appear in Table LXI. The values are consistently less than
those for the chloro reaction and agreement between the
, 1 b t t e r The ra tios
measured and extrapolated values 1.S a so oe L •
of the initial conductances are listed in Table LXII. For
terms containing the .000070 concentration the ratios are
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higher than those calculated for the chloro reaction in
DMSO. The ratios of the infinity conductances at the two
temperatures 25.0°C and 35.0°C are given in Table LXIII.
These ratios are in agreement with those for the chloro
reaction in DMSO I being in the range of 1.30.
TABLE LX
RATIOS OF THE INFINITY CONDUCTANCES FOR VARIOUS
CONCENTRATIONS OF 2,4-DINITROBROHOBENZENE
IN DMSO
Moles of DNBBI
cell volume
25.0°C
Cell 1 Cell 2
35.0°C
Cell 1 Cell 2
.000070/.000050
.0000501.000025
.000070/.000025
1. 20 1. 22 1. 26 1. 21
1.98 1.91 1.88 1. 87
2.39 2.32 2.37 2. 27
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TABLE LXI
EXTRAPOLATED AND l·1EASURED INITIAL CONDUCTANCES FOR THE
2,4-DINITROBROMOBENZENE REACTION IN DMSO
Moles of DNBB/
Temperature cell volume
Extrapolated
Cell 1 Cell 2
=Measured
Cell 1 Ce~l 2
.000025
.48 a 10.23 .35 8.06
.000050
.87 20.89 .40 4. 30
.000070 1.32 31.60 1. 02 9 .. 31
.000025 2.81 44.26 2.80 57. 36
.000050 5.75 87.10 4.82 72. 20
.000070 8.51 125.90 3.56 72. 82
a un i t : micromhos
TABLE LXII
RATIOS OF THE INITIAL CONDUCTANCES FOR VARIOUS
CONCENTRATIONS OF 2,4-DINITROBROMOBENZENE
IN m-1S0
Moles of DNBB/
cell volurne Cell 1 Cell 2 Cell 1
C 'c
0 1 0
Cell 2
.000070/.000050
.000050/.000025
.000070/.000025
1.51 1. 51 1. 48 1 . 48
1. 81 2.04 2 . 04 1 . 97
2.75 3 .09 3.02 2 .. 84
138
TABLE LXIII
.RATIOS OF INFINITY CONDUCTANCES AT 35.0°C TO 25.0 0C
THE 2, 4-DINITROBROMOBEN ZENE REACTION IN DMSO FOR
piperidine, 11
5 .0 10 3x
1.0 x 10-2
1. 4 x 10- 2
Cell 1
1. 28
1.22
1. 29
Cell. 2
1.28
1.26
1.25
The Iodo Reaction. The data for the reaction of 2,4-
dinitroiodobenzene with piperidine in DMSO are listed in
Tables XXXII through XLIII and in Figures 19 through 22.
The slopes, y-intercepts 1 and coefficients of determination
are lis ted in Table LXIV. The rate constants, half-lifes,
and reaction orders are listed in Table LXV.
The maximum conductance recorded for cell 1 was
approximately 51 micromhos, and for cell 2 the maximum value
was 912 micromhos. These values are about the same as
those recorded for the bromo reaction. However, cell 2 for
both the bromo and iodo reaction recorded a higher value
than the corresponding chIaro reaction. The iodo reaction
was slower requiring about 90 minutes to reach 80% comple-
tion for the lowest concentration and temperature. The
average relative percent deviation of a measurement for
cell I and cell 2 at 25.0°C was 0.96 and 0.37 respectively.
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For cell I and cell 2 at 35.DoC the corresponding values
were 0.47 and 0.53%. Once again the greatest error appears
in cellI, but is less than that recorded for the chIaro
and bromo reactions.
TABLE LXIV
SLOPES, Y-INTERCEPTS, AND COEFFICIENTS OF DETERMINATION
FOR THE 2,4-DINITROIODOBENZENE REACTION IN DMSO AT
VARIOUS CONCENTRATIONS AND TEMPER~TURES
Moles of DNIB/
40.0 ml
cell volume
slope y-intercept CD
25.0°C 35.0 oC 25.0°C 35.0°C
Cell 1
0.000025 .02541 .04073 .994 .982 .9992 .9994
0.000050 .05000 .07848 1.004 .992 .9997 .9999
0.000070 .06910 .1090 .983 .982 .9997 .9996
Moles of DNIB/
20.0 ml
cell volume Cell 2
.04833 .07262 .997 .994 .9999 .99990.000025
.1032 .1478 .990 .987 .9998 .99990.000050
.1392 .2099 .961 .988 .9989 .99930.000070
, . t of determinationThe y-intercepts and coefflclen s
'tent and closer to the theoretical
are internally more conSlS .
bromo reaction, though the
value of 1.00 than the chIaro or
sm.
a l l and within the range of values
differences are rather
and the bromo and iodo
for the chIaro reaction by Frank
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ORDER FOR THE
DMSO AT
TE]<1PERATURES
rat.e
--1
rriol ~ t.,
~
(min)
1
~-""I:-~ ,S jl
24.55
12~74
2.00
2.05
2.00
1.86
1.87
Holes of DNIB/
20.0 ml
cell volume
0.000025
0.000050
0.000070
19.33
20.64
19.88
Cell 2
29.05 20.80 13.77 1. 96 1.97
29.56 9.71 6.77 1. 94 1.98
29.99 7.18 4.76 1. 85 1.89
The average reaction rates for the iodo reaction at
25.0 o C d 35 00 . 20 04 1 -1.-1an . Care respectlvely ...• mol rru.n - ±
0.48 and 30.62 1 mol- l min- l ± 1.32. The individual rates
have considerably better precision (5 to 10 times) than the
chIaro or bromo reactions. This may be due in part to
slower rate of reaction which permitted more points to be
used in the calculation of the slope and intercept. The
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reaction order with re.spect to time is close to the
theoretical value of 2.00.
The infinity conductance ratios are listed in Table
LXVI and are in agreement with the values for the chloro
and bromo reactions. The initial conductances, measured
and extrapolated, are given in Table LXVII. The ratios of
the extrapolated initial conductances are listed in Table
LXVIII. These values are consistent with those for the
chIaro and bromo reactions. The ratios of the infinity
conductances at 35.0°C to 25.0°C are given in Table LXIX.
The ratio of 1.20 is slightly lower than the values obtained
for the chIaro and bromo reactions and is less than the ratio
of 1.50 for the two reaction rates at the temperatures
examined.
TABLE LXVI
RATIOS OF THE INFINITY CONDUCTANCES FOR VARIOUS
CONCENTRATIONS OF 2,4-DINITROIODOBENZENE
IN DHSO
:V1oles of DNIB/
cell volume
.000070/.000050
.000050/.000025
.000070/.000025
25.0°C 35.0°C
Cell 1 Cell 2 Cell 1 Cell 2
C /c
co 00
1.32 1. 30 1.29 1.27
1. 98 2.00 1.98 1.94
2.63 2.61 2.56 2.46
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TABLE LXVII
EXTRAPOLATED AND NEASURED INITIAL CONDUCTk."JCES FOR THE
2,4-DINITROIODOBENZENE REACTION IN DMSO
:
Moles of DNIB/ Extrapolated Measured
Temperature cell volume Cell 1 Cell 2 Cell 1 Cell 2
------------------------------
25.0°C
35.0°C
.000025
.50a 8.51 .43 8.83
.000050 .78 12.88 .53 10.75
.000070 1. 05 16.85 1. 09 16.84
.000025 1. 25 19.50 1.38 17.90
.000050 1. 75 23.44 1. 45 22.40
.000070 2.04 31. 23 2.03 30.46
a 'tun i, : micromhos
TABLE LXVIII
RATIOS OF THE INITIAL CONDUCTA.NCES FOR DIFFERENT
CONCENTRATIONS OF 2, 4-DINITROIODOBENZENE
IN DMSO
Moles of DNIBJ
cell volume Cell 1 Cell 2 Cell 1
Co/Co
Cell 2
35 1.31 1. 17 l. 331-
56 1.51 1. 40 1 .201 •
1. 98 1. 63 1 .602 .10
.000070/.00 0050
. 000050/ .0000 25
.000070/ .00 0025
--~--~--------------
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TABLE LXIX
RATI~SO OF THE
2·
INFINITY CONDUCTANCES AT 35. O°C to 2500C
R THE ,4-DINITROIODOBENZENE REACTION IN DMSO'
piperidine, M
5.0 x 10- 3
1.0 x 10- 2
1.4 x 10- 2
Cell 1
1. 21
1. 21
1.19
C IC
00 co
Cell 2
1.24
1.20
1.18
The decreasing initial conductance, extrapolated or
measured, with the change from chloride to iodide should be
expected to match a decrease in the infinity conductances,
if there were some error in solution preparation, or if an
element effect was influencing ion-pair formation or the
conductivity of the reactants and hence the measured con-
ductance. Since the initial conductances decrease while the
infinity conductances increase in the order CI<Br<I, the
change in conductance observed when 2,4-dinitrochlorobenzene
was dissolved in DMSO is probably due to reaction with one
of the decomposition products rather than the formation of
a charged complex. The bromo and iodo compounds wouLd
normally be expected to be less reactive than the chloro
analog. This is indicated by the higher infinity con-
ductances and closer agreement between the infinity measure-
ments for the bromo and iodo reactions as against that for
the chloro reaction.
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It is also Possible, however, that 2,4-dinitro-
phenylpiperidine adsorbed on the platinum black electrode
surface could be going. b· aC·.k l'n··to 1 t'so u lon, thereby account-
ing for the increase in solution color observed. Likewise,
absorbed salt might also account for the increase in con-
ductance.
Finally, it has been suggested by Dr. J. G. Lindberg
of the Department of Chemistry that 2,4-dinitrohalobenzene
may be ionizing to produce small amounts of 2,4-
dinitrophenyl carbanions and positively charged halide ions.
These halide cations could be solvated by the negative
charge on the DMSO oxygen. Such an ionization could also
account for the increase in color intensity observed.
Energy of Activation and Entropy Relationships.
The energy required to form the activated complex is termed
the energy of activation. Equation (43) was used to calcu-
late the energy of activation for the chloro, bromo, and
iodo analogs in DMSO. Only two temperatures were examined
in view of the constraints imposed by the speed of the
reaction and the physical properties of the solvent. With
only two temperatures it is not necessary to plot the log
of the rate against the reciprocal of the temperature in
degrees Kelvin, and instead, irect substitution into the
two point equation becomes possible. The energy of activa-
tion for the chloro reaction was 5.70 kcal and for the
d ~ -')k 1bromo and iodo reactions the values were 7.21 an i.~~ 'ca f
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respectively.
Equation (47) was employed to calculate the entropy
for each of the reaction analogs. The values for the
chloro, bromo and iodo reactions were -33.65, -26.88, and
-28.58 cal deg-
1
mol-l respectively. The values for the
energy of activation, entropy, and rate constants are listed
in Table LXX. Any of these values can be used to determine
the reaction series order for 2,4-dinitrohalobenzene with
piperidine in DMSO. Thus in terms of rate constants, the
reaction series becomes Cl>Br»I, while in terms of activa-
tion energies the difference between the bromo and Lodo
analogs diminishes yielding the reaction series Cl>Br>I.
This might be interpreted as a type of solvent leveling
effect with the reaction approaching the point of reversing
as has been observed for some SNI reactions (8).
TABLE LXX
AVERAGE RATE CONSTfu~TS, ENERGIES OF ACTIVATION, AND
ENTROPIES FOR THE REACTION OF 2,4-DINITROHALOBENZENE
WITH PIPERIDINE IN DMSO
Halogen
group
k (1 rna1 -1 min -1 )
25.0°C 35.0°C +t:,E· (Kcal) ~ -1-1ss ' (cal deg mol )
Chloro- 142.8 195.2 5.70 -33. 65
111.2 165.7 7.21 -26. 88Bromo-
20.04 30.62 7.72 -28. 58Iodo-
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The reaction series order in terms of entropies is
Cl>I~Br, which represents an anomaly with respect to the
order indicated by the rate constants or activation energies.
The values determined by Frank and Berkland are listed in
Table LXXI. A similar discrepancy for the reaction order
in terms of entropies as against rate constants and activa-
tion energies was reported by Berkland. The reaction order
as indicated by these last two parameters is Cl>Br»I.
TABLE LXXI
AVERAGE RATE CONSTANTS, ENERGIES OF ACTIVATION, AND ENTROPIES
FOR THE REACTION OF 2, 4"'DINITROHALOBENZENE WITH
PIPERIDINE IN ETOH
Halogen
Chloro-
Bromo-
Iodo-
k (I rno 1 -1 min-I )
.3188 1. 691a 4. 423
.2748 1.588 4. 216
.0559 0 .360 1.007
tliE· (kca1)
11.69
12.37
... -1liS I (cal deg
-1
mol )
-2l.56 c
-20.38
-20.93
a . ~_he average of the rates deter-The average rate lS I
mined by Frank, Berkland and the present study.
bAdjusted using the recalculated rate constant at
25.0°C.
CThese values are calculated using
~ t.E - RT.
exp
tt.H , where
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Since this inconsistency in the bromo and iodo
entropy values appears for both ethanol and DMSO, it serves
as additional evidence that the same b .aSlC type of s~r2
m·e c h a n i s m is probably operat' h h
. lng wen t e solvent is changed
from a polar to dipolar aprotic solvent. It is possible
that the conductance method is magnifying some physical
parameter associated with conductance properties of the two
halogens. However, the study by Youngberg indicates that
the conductometric method of following the reaction of 2,4-
dinitrohalobenzene with a secondary amine yields a rate
constant of higher precision than either the spectrophoto-
metric method or titrimetric method. The question of
accuracy still remains unanswered, but there appears to be
no significant interference with the reaction as a result
of using conductance as the measured property.
The values obtained by Suhr (68) for the reaction
of 4-nitrohalobenzene with piperidine in DMSO are listed in
Table LXXII, The difference between the entropy values for
the chloro, bromo, and iodo analogs, while spaced rather
closely and lower than the bromo and iodo values of this
study, nevertheless display a similar reversal of the bromo
and iodo values.
The entropy values for the chIaro analogs of both
about the same, while the activa-systems (DNxB and NXB) are
tion energies are approximately one-third lower for the
2,4-dinitroh obenzene reactions. The ener of activation
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for this system is lowered . .slgnlficantly when the solvent
is changed from ethanol to D""'-1
.SO and the chloro analog is
affected the most.
TABLE LXXII
AVERAGE RATE CONSTANTS, ENERGIES OF ACTIVATION AND ENTROPIES
FOR THE REACTION OF 4-NITROHALOBENZENE'WITH
PIPERIDINE IN DMSO
k(l -1 min-I) amol
Halogen 50.0°C 75.0°C t
.j..
-1 -1&E (kca.L) &S' (cal deg mol )
Fluoro- 1.64 3.66 7.15 -37.44
Chloro- -3 -23.96xlO 1. 58xlO 12.35 -33.30
Bromo- 4.80xlO- 3 -21. 89xlO 12.25 -33.25
Iodo- -3 -21.lOxlO 4.74xlO 13.02 -33.28
aThese values were determined by Suhr (68) and re-
ported in units of k x 10 6 sec- l mol- l 1. Here they have
been translated to the units used in the present study for
the purpose of comparison.
The limiting conductances of halides, excluding
fluoride, at 25.0°C in protic and aprotic solvents are
listed in Table LXXIII. The conductance behavior in ethanol
and DMSO seems to reflect the influence of DMSO on the
chIaro analog and the activation energy- Table LXXIV com-
pares the influence of solvent on the system examined in
this study and that investigated by suhr. Thus in relative
terms DMSO produces a greater increase in rate for 4-
nitrohalobenzene than 2,4_dinitrohalobenzene as indicated by
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the log ~MSO/~TOH values. In fact the influence of DMSO
on each system is in the opposit d' .'
. e 1rect1on decreasing in
the order Cl>Br>I for DNXB
. and increasing in the order
Cl<Br<I for NXB.
TABLE LXXIII
LIMITING IONIC CONDUCTANCES OF HALIDE IONS IN SELECTED
PROTIC AND APROTIC SOL\i'ENTS AT 25.0°C
Halide Ion Ao (DMSO) I.- o (ETOH) I.- o (MEOH) Ao (Dlil-.F) Ao(H 2O)
Chloride 36.3 24.3 52.4 55.1 76.3
Bromide 24.2 26.0 56.5 53.6 78.4
Iodide 23.8 28.8 62.7 52.3 76.8
Reference: Parker (73)
A plot of log kDMso/kETOH ratios at 50.0 o e against
the carbon-halogen (C-X) bond lengths (Figures 24 and 25)
shows the strong influence of DMSO on the iodo analog of the
DNXB and NXB systems. The curves for the two different sys-
terns have opposite slopes. The relationship between C-X
bond length and ratios for the DNXB system appears to be
rather regular which is contrary to the more dramatic
change displayed by the NXB system. The exact significance
of this is not immediately obvious. However, in addition to
steric factor differences, the charge densities on the
leaving groups in the two transition states (Figure 6) would
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be different due to th
. . e electron withdrawing effect of the
ortho-nitro.
Tl-i.BLE LXXIV
HYDROGEN BONDING ACTIVITY C·OE··PP·ICIENT
.. OP THE ANION
4-nitrohalobenzene
2S.0 oCd SO.O°ce
Halide
leaving
group
Chloride
Bromide
Iodide
C-x bond
Lengtha
A
1.67
1.86
2.08
log kDMSO/kETOH
2,4-dinitrohalo-
benzene
1.926 1. 628 2.248 1. 900
1.845 1. 579 2.271 1.944
1. 746 1. 470 3.080 2.593
aReference (100): measured bond lengths for phenyl-
halides.
bCalculated using data listed in Tables LXX and LXXI.
cExtrapolated using data in Tables LXX and LXXI.
dExtrapolated by ratio using the data in this table.
eCalculated using the data reported in Table LXXII "
-.)
and reported values in etha~ol at SO.O°C (6el: P=8.4 x 10 ;
Cl=4.98 x 10- 5 : 3.96 x lO-~; Br=5.46 x IO-j; 1=2.82 x 10- 6 .
These rates are in 1 mol- l min-I. They were reported as
1 mol-l sec-l x 10 6. The chIaro value 4.98 x 10- 5 was used.
At 50.0°C, the ratio for fluoride is 2.292.
Viewing the reaction of Figure 1 in terms of HSAB,
it can be said that hard anions experience hard interactions
with hard solvents, and, conversely, soft anions disp
strong interactions with soft solvents. Given that protie
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solvents are hard and dipolar aprotic solvents are soft;
the overall effect of DD.1S0 is to make dinitrohalobenzene,
piperidine, and the resulting transition state softer.
Since dinitrohalobenzene is a soft substrate, a
strong interaction with DMSO can be expected as indicated in.
Table LXX. Piperidine is a borderline nucleophile with
respect to hardness and softness, and considering its ring
structure, a strong interaction with DMSO would not be ex-
pected. Hydrogen bonding between the amine and DHSO does
not appear to be a significant factor (61). Nevertheless,
the methyl groups of DMSO should provide adequate solvation
of the amine ring structure, and the orientation of this
solvation might tend to shield the softness of the nitrogen
from the D1'1.S0 sulfur-oxygen double bond.
The product 2,4-dinitrophenylpiperidine should be
softer than dinitrohalobenzene substrate because of the
possibility of extended conjugation using the unpaired
electrons of the amine nitrogen.
Looking at the transition state (Figure 6) as an
acid~base complex, the hard halides would not be expected to
interact well with the softer acid-base complex. The
reactivity series in ethanol, F»Cl>Br»I, or in DMSO,
Cl:':'Br»I, for the halogens shows that iodine being the
softest member of the halogen family interacts the most
strong with the soft dinitrophenyl group and is the hardest
to displace.
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Even if the proton is removed f rom the' . d i .
J.. plperl lnlum
nitrogen before the halide leaves, the favoring of soft-
soft interactions between the unshared electrons of the
amine nitrogen and the resonance of the 2,4-dinitrophenyl
group would be expected to exceed the hard-soft interac-
tions of the halide and 2,4-dinitrophenyl group. A similar
analysis can be applied to 4-nitrohalobenzene and piperidine.
In this case, the slower rate of reaction with piperidine
as compared to the dinitro-compound is due to the decreased
softness of the mononitro-substituted benzene.
The relative increases in rate on changing solvent
from ethanol to DMSO for both the mono- and dinitro-systems
are approximately the same for the chloro and bromo analogs.
For the iodo analog, however, a greater relative increase
was observed for the 4-nitro compound than for the 2,4-
dinitro compound. Since the iodo reaction is slower than the
chloro or bromo analogs, the precision should be higher,
irrespective of whether a conductometric or spectropho-
tometric method of following the reaction is employed. The
close agreement between the values obtained for the iodo
reaction of this study indicate good precision.
Assuming, as indicated above, that a specific solva-
tion is occurring, then the enhanced rate of 2,4-
dinitroiodobenzene and 4-nitroiodobenzene when the solvent
is changed from protic to dipolar aprotic may be inter-
preted as a stabilization of the transition state. Hepalute
ISS
and Robertson (101) have suggest·ed. t.hat; f' 1
, as a, use u work-
ing hypothesis, the transition state be considered as that
point at which solvent-substrate interactions equal
solvent-solvent interactions. Such a stabilized transition
state would tend to favor the stronger interaction of the
larger I with the solvent DMSO. This may be a factor in
the large relative increase of 350 observed by Suhr for
iodo-4-nitrobenzene.
If one or more DMSO molecules are linking the posi-
tive and negative centers in the transition state, the
orientation would probably be influenced by the nitro group
in the ortho position. For the DNXB system the orientation
of a specific solvation by a DMSO molecule would probably be
between the reaction site entering or leaving group and the
neighboring nitro group as proposed by Bernasconi (61). The
higher entropies for the iodo and bromo analogs of this
system as against the NXB system could be interpreted as
supporting this explanation, since the arrangement of two
or more DMSO molecules between the positive and negative
centers of the NXB transition state would be expected to
lower the entropy of the system.
As indicated by Parker (8) when solubilities are
known for the substrates of this study and that of Suhr (66,
67,681, calculations based on the extrathermodynamic assump-
tions mentioned in the literature review will be possible.
Unfortunate , there have been no rate determinations
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using the spectrophotometric or titrimetric methods for the
system investigated in this study, and no values are reported
in the literature, which would allow comparison with the
values determined in this study. Since a rate increase of
approximately 100 could be expected for this reaction based
on the work of Suhr and the precision was within the range
of the equipment and also in agreement with the precision of
measurements for the same system in ethanol, the rates deter-
mined in DMSO appear to be internally consistent. However,
whether the apparent opposite trend in the influence of
DHSO on the relative reactivity of the halogens in the
series is real and due to some difference in mechanism or
a catalytic affect by DMSO, or is the result of spurious
measurements, remains unclear.
The incorporation of appropriate digital control for
continuous bridge balancing would facilitate the collection
of data. Such a continuously balanced system could by
means of a suitable transducer be connected to any of the
various desk top computers available for on-line data reduc-
tion and analysis.
The cell itself could be designed along the lines,
by Fran· k and Ber·k.land, of a Wolin U tube whichas suggested
d . The advantages of such awould result in a close . sys~em.
system would be more rapid mixing of the reactants and
minimum exposure of the system under study to air or mois-
ture. Also, since the cell would not have to be manipulated,
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a higher precision temperature bath system could be designed.
The design and construction of this apparatus would
probably result in measurements of greater precision and
relieve the tedium of data collection for certain types of
reaction mechanism studies. P>.side from the relative
advantages of such technical improvements, the conductance
method might. be applied to a broader range of reaction
types and temperatures.
For example, it may be possible to determine the
amount of DMSO decomposition products present after puri-
fication by developing a standard calibration curve (i.e.
reaction rates with known amounts of DNCB). However, time
did not permit investigation of this during the course of
this study. Furthermore, the possibility of using the con-
ductance method to measure SNI reactions in dipolar aprotic
solvents offers an area for study. The mathematics re-
lating conductance changes to reaction rate would, of
course be more complex than that of uncharged molecule, -
reactions, but it may be possible to employ some type of
differential analysis technique.
Differential techniques have already been applied
to several types of quantitative organic determinations.
Analysis for which this type of conductometric determina-
tion have been investigated include:
1) Quantitative determination of organic halides
in 01150 (102).
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2) Rapid analysis of binary amine mixtures by
differential reaction rates (103].
3) Conductometric analysis of binary amine mix-
tures l10 4) •
4) Conductometric determination of carbonyl com-
pounds tlO 5) .
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APPENDIX I
A grant for computer time provided
School made it possible to utilize the
by the Graduate
facilities of the
Dial Computer Center duri.nq the course of. this study. The
following computer program was writt·en· ro
_ reduce the experi-
mental data and print out the data tables. In addition to
the calculations described in the calculation section, the
program also calculates specific and equivalent conductances
for the salt concentrations at each· tJ.'me. hT e two sub-
routines and the plotting program were adapted from the
standard user linear regression program of the Center.
The program is written in Fortran IV language. The
main program is preceded by a list of the variables and
followed by the two subroutines.
List of Variables
C DESCRIPTION OF VARIABLES
C CELL is the conductance cell; X is the independent
variable for linear regression; Y is the dependent
variable for linear regression; fliT is for the plot
format; TITLE is an 80 unit line for the plot title.
C I1 is the number of observations at each time: TIME is
the time the observation was made; CT is the con-
ductance measured at time (t) for each run; MEAN is
the mean of the conductances recorded at time (t) for
several runs; STNDEV is the standard deviation of the
conductance value for several runs at time (t); STDV~1N
is the standard deviation for the mean for a small
number of observations; DEVT~1 is the deviation time
for values less than 1 minute; DCDT is the change in
conductance with respect to time; DEVCT the change
in conductance per change in time; DEVCT2 is a counter
for DE\JCT; w the list of values used to calculate
95% confidence intervals for conductance values at
time (t); SCT stands for a s~ngleco~du?ta~ce run;
CONRT is the conductance ratlo; CXTOcA lS .....he
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concentration of x to ai CPIPX is the concentration of
the piperidinium halide salt at time (tl; RCPIPX is the
square root of CPIPXi LCPIPX is the log of CPIPX;
lALEFT ~s the concentration of a remaining at time (t);
LALEFT lS the log of lALEFT; KAPPA is the specific
conductance <:>f the. salt formed and other sp~cies
present at tJ..me ttl; KAPPAl is the specific conductance
of only the salt formed; Lamda is the equivalent con-
ductance of the salt formed and reactants at time {tl;
CI95 is the 95% confidence interval of the average
conductance at time (tl; LAMDAI is the equivalent con-
ductance of only the salt formed; LLNmA is the log
of LNmA; LLAMDAl is the log of LAMDAl; NDCDT is the
change in concentration of a with respect to time and
is used to determine reaction order with respect to
time; LNDCDT is the log of NDCDTi CONA is the concen-
tration of a; FML, FMLl, EML2, FMTl, TI1T2, and n·1L3
are format arrays for titles and table headings; ELCF
is the cell volume of cell 1 or 2; LCONA is the log of
CONA; CPIPXM is the concentration of the piperidinium
halide in moles/l; CPIPX3 is a variable counter for
CPIPX; LLAMD2 is the log of LAMD2.
A is concentration, ~~~ is molecular weight of DNXB;
GRh~S is the amount of DNXB weighed out; CO is the
initial conductance; CINE is the conductance at time
infinity; KNCELL is the cell number 1 0:- 2; CELLK is
the cell constant; N is the number of tJ..me data tO,be
entered; L is the number of observations made at tJ..me
less than 1 minute; TEHP is the temperature the reac-
tion was run at.
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.Main Program
FRED MOOSREINER THESIS WORK CHEMISTRY DEPARTMENT
DlMENS ION CELL (2)
DIMENSIONXC25l.,YC251 ,PMT(lOl ,TITLEC8,lO}
DIMENSIONM(251,TIMEC251,CT(25,61, MEAN (25) , STNDEV(25),
1STDVMN(25l.,DEVIM(6},DCTDT(I5) ,DEVCT(6) ,DEVCT2(61 ,W(6) ,SCT(6),2
lCONDRT(25) ,CXTOCA(25} , CPIPX(25) ,RCPIPX(25) ,LCPIPX(25),
lALEFT (25) ,LALEPT (25) ,KAPPA(25) ,KAPPA! (25) r LAMDA (25) r CI95 (25},
lLA:MDAl (25) ,LLA..I\fi)A (25) ,LLAMDI (25) ,NDCDT (25) ,LNDCDT (25) , CONA(25) ,
IFML (10) ,FML! (10) ,FML2 (5) ,Fl..J:TIClO) ,FMT2 (10) ,FML3 (5) ,ELCF (2) ,
1 LCONA(251,CPIPXM(25) ,CPIPX3(25) ,LLAMD2(25)
EQUIVALENCE (M,X), (STNDEV, Y)
EQUIVALENCE (DEVTM,DEVCT,DEVCT2), (CONA,LCONA), (NDCDT,LNDCDT)
REAL LIST,MINUS
REAL KAPPA, KAPPA1, LCPIPX, LALEFT, LAMDA, LA.MDAl, LLA.!<1DA, LLAi'1Dl r
lMW,LNDCDT,NDCDT,MEAN,MARI,LOW,LCONA,NUMCR
DATA SENT / -1./
DATA WCl) ,~H2) ,W(3) ,W(4) ,W(5) ,W(6) /-1.0,0.89,0.59,0.49,0.43,0.40/
DATA TEST /: YX
DATA PLUS ,MINUS, LIST / 3H + ,3H - ,BHUST /
DATA XY,EOFS,NR,IT / :XY:,-1.,4,l /
DO 103 11=1,7
READ (2,201) (TITLE (I1,J3) ,J3=1, 10)
CONTINUE
READ{2,996) CELL(l) ,CELL(2)
READ(2,101) A,MW, GFAMS, CO,CINF ,KJ.'\lCELL, CELLK,N, L, TEf1P
READ ( 2 t 2 01) {FMT(I) , 1==1 , 10)
\'JRlTE (3,899)
WRITE (3,202) FMT
WRITE (3,203)
DO 30 I = 1, N
READ M THE NO. OF OBSERVATIONS AT EACH TI}ffi
READ (2,300) M(I)
JM = M{I)
READ (2,401) TIME (I) r (CT(I,J), J==l,J1>1)
WRITE (3,500) TIME (I) , (CT{I,J), J=l,JM)
WRITE(3,550} M(I)
WRITE(3,204)
RE~(? 996) ELCF(l) ,ELCF(2)
•• -e r ANC'" MEASURE1'lENTS FOR EACH. CONCENTRATION PRINTED
TH.fE AND CONDUCT "'~D' TL.',fR MEAN FOR TIME LESS THAN 1 MINUTE
CALCU~TE CT MEAN =. ~ .
DO 51 I == 1, N
StJ~CT = 0.0
JM == M(I)
8M = JM
DO 41 J=l,JMStJ~CT == SUMCT + CT(I,J)
MEAN (I) == SUMCT / SM
IF (L.EQ.l) GO TO 83
CONTINUE N , "1TNUTE
CALCULATE STATISTICS FOR TIME LESS THAi .L l~i ! ~
DO III I == 2, L
168
80
61
C
C
71
JM = Mel)
8M = JM
SUlIDEV = O. 0
DO 61 J = l,JM
DEVTM(J)= MEAN (I) - CT (I,J)
DCTDT CJ) = (TIME (J:) - TIME (I-I))! (:MEAN (I) - MEAN (I-I) )
C DEVTM 18 DEVIATION IN TIME, DCTDT IS CHANGE IN CONDUCTA..T\lCE PER
C CHANGE IN TIME
DEVCT [J) = DCTDT(J) * DEVTM (J)
C DEVCT IS THE DEVIATION OF CT FORM A PRESET VALUE FOR TIME
C LESS THAN 1 MINUTE. IT MEASURES ERROR IN SYRINGE INJECTION
C AND SMALL VOL VART.
DEVCT2 (J) == (DEVCT (J)) ** 2
SUMDEV = SUMDEV + DEVCT2 (J)
STNDEV(I) = SQRT (SUMDEV! (SM-l) )
STDVMN(I) == STNDEV(I)! SQRT(SM)
STANDARD DEVIATION OF THE MEAN CALCULATED
CALCULATE 95 PER CENT CONFIDENCE INTERVAL
DO 65 J == I, 6
SCT(J) == -838607
K = JM
DO 71 J == l,3M
SCT(J) == DCTDT(J) *CT(I,J)
HIGH ==AMAX1(SCT(1) ,SCT(2) ,SCT(3} ,SCT(4) ,SCT(S) ,SCT(6»
DO 75 J == 1, 6
8CT(J) == +838607
00 80 J = I, JJ!J.
SCT(J) = DCTDT(J) * CT(I,J)
LOW = A-MINl(SCT(l) ,SCT(2) ,SCT(3) ,SCT(4) ,SCT(S) ,SCT(6»
CI95(I) == (HIGH-LOW) * W(K)
CHAl'JGE AR.."R.AYS TIME AL"lD t1EALT\T FOR VALUES LESS THAN 1 ~1INUTE
00 110 I = I, L
lvI..ARI == MEAN ( I )
MEAN (I) == TIME (I)
TIME (I) = MARl
CONTINUE ON THE REST OF THE ARRAY TIME == TIME,CT == CONDUCTANCE
AT Tum T
L1 == L = 1
DO 211 I == Ll, N
JM -x: M(l)
SM == JM
SillIDEV = 0.0
00 120 J == l,JM
DEVCT(J) == MEAN (I) - CT(I,J)
DEVCT2(J) == (DEVCT(J» ** 2
SUlvInEV == SUMDEV + DEVCT2(J)
STNDEV(I) == SQRT (SUMDEV!(SM-l»
STDVMN(I) = STNDEV(I)! SQRT(SM)
DO 125 J = 1, 6
SCT(J) == -8388607
DO 130 J = l,3M
75
125
65
120
110
C
C
111
C
83
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0063
0064
0065
0066
0047
0048
0049
0050
0046
0040
0041
0042
0043
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0045
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
01ll
0112
0113
0114
0115
0116
0117
0118
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0120
0121
0122
0123
0124
0125
0126
0127
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130 SCT(J) =: CT(I,.J)
HIGH =:AMAX1(SCT(I) ,SCT(2),SCT(3) ,SCT(4) ,SCT(S) ,SCT(6)
DO 135 J =: 1, 6
135 SCT(J)= +8388607
K =: JM
DO 140 J =: l,.JM
140 SCT(J) =: CT(I,J)
LOW = AMINI (SCT(l) ,SCT(2) ,SCT(3) ,SCT(4) ,SCT(S) ,SCT(6»
211 CI95 (I) = (HIGH - LOW) * W(K)
C STATISTICS ARE CALCULATED FOR ALL DATA POINTS
C NOW CALCULATE CONDUCTANCE RATIO AND RELATED FUNCTIONS
IF (2 - KNCELL) 911,240,245
240 J2 =: 2
GO TO 249
245 J2 =: 1
249 CONTINUE
NUMCR =: CINF - MEAN (I)
DO 250 I = 1, N
CONDRT(l) =(NUMCR / (CINF - MEAN(I»} *1.0
CXTOCA (I) = (MEAN (I) -CO) / NUMCR
CPIPX(I) =: CXTOCA (1) * A
CPIPXM(I) = CPIPX(I) *ELCF (J2)
RCPIPX(I) = SQRT(CPIP~~(I»
ALEFT(I) = A - CPIPX(I)
KAPPA (I) = CELLK * MEAN(r)
250 CONTINUE
READ (2, 301) FMLI
READ(2,201) FMTI
READ (2 r 205) F~..L2
READ(2,201) FMT2
READ(2,20S) FML3
WRITE (3,900)
WRITE (3,910) FMLI
WRITE (3,920)
WRITE (3,FMTI) A,FML2
WRITE (3,FMT2) KNCELL, TEMP, FML3
WRITE ( 3 , 960)
WRITE (3,965)
WRITE(3,903)
WRITE(3,800) (TIME(r), MEAN (I) , STD\lMN(I) ,CI9S(I) ,CONDRT(I),
1I==2,N)
WRITE(3,901)
WRITE(3,970) CD,C1NF
WRITE (4,2000) (TIME(r) ,CONDRT(I) ,I=l,N) ,SENT
51JM1=0 .0
SUM2=0.0
DO 260 I. = 2, ~((1000*KAPPA(I)/(CPIPX(I)*ELCF(J2»))*O.OOOOOlO
LAMDA(I) -LK*-«MEAN'I)/CPIP~1(I))-(((A-CPIPX(I))/A)*CO)/LAMDAl(I)=lOOO.*CEL· , \
1(2*ALEFT(I)*ELCF(J2)))* 0.000001
LCPIPX(I) = ALOGI0(CPIPXM(I»)
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0159
0160
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CONA(I) = (ALEFT (I) + ALEFT(I-l»/2.0
LCONA(I) = ALOGI0 (CONA(I»
CPIPX3 (I) =RCPIPX(I) *100.0
LLAMD2(Il=1000./LAMDAl{I)
LLAMDA(I) = CXTOCA(I) '* 100.0
LLAMD1(I) = ALOGIa (LAMDAI(I))
NDCDT(I) = (ALEFT (I-I) -ALEFT (I) ) I (TIME (I) -TIME (I-I) )
SUM1=SUMl + (STDVMN (I) ICT(I) ) *100.0
SUM2= SUM2+ (CI9S(I)/CT(I»*100.0
LNDCDT(I) = ALOGI0(NDCDT(I»
SR=N
SUM"V'l=SUMlI (SR-1. 0)
S~12=SUM2/(SR-l.0)
CONTINUE
WRITE(3,899)
WRITE (3,994)
FORr1.AT (3LX,: Tum :, 6X, :P/c RXN :, 4X, : ROOT X:, SX, :K.APPA i , 4X,
1: LAI1DA 1:, I I)
WRITE(3,990) (TIME (I) ,CXTOCA(I) ,RCP1PX(1) ,KAPPA (I) ,LAl"l..DAl(I) ,1=1,
IN)
WRITE (3,967) SUMVl,SUMV2
WRITE (4, 2000) (LCONA(I), LNDCDT(I),I=2,N) ,SENT
WRITE (4,2000) (TIME (I) ,MEAN(I),I=2,L) ,SENT
WRITE{4,2000) (TIME (I) ,CPIPX{I) ,I=l,N) ,SENT
WRITE(4,2000) (RCP1PX(I),LABDAl{1) ,1=2,N) ,SENT
WRITE{4,2000) (CPIPX3(1) ,LIJU'1D2(I) ,I=2,N) ,SENT
WRITE (4,2000) (TI1~(1) ,LLAIIDA(I) ,I=2,N) ,SENT
CONTINUE
FORMAT (lX,F9.8,2X,F6.2,2X,F6.4,2X,F6.2,2X,FB.2,2X,Il,2X,F6.4,
12X,12,2X,Il,2X,F4.1)
FORMAT (lOA8)
FORMAT (IX, I I I, 25X, lOA8)
FORMAT (189, 33X, :TIME:,lOX, :CONDUCTAJ.'IlCE MEASUREMENTS:, 34X, :M:,III)
FORMAT(lH2,45X, :FOR Tum LESS THAN 1 MINUTE - TI11EAJ."JD:,1,45X,:
lCONDUCTMJCE MEASUREMENTS ARE REVERSED, I. E. TIME VARIES:)
FORMAT (SA8)
FORMAT (2X, ri:
FORlvIAT (lOAl)
FORMAT(2X,F6.2,6(2X,FIO.2)
FORMAT (31X,FB.2,6(3X,F9.2»)
FORMAT (lH+,105X,Il)
FORMAT(31X,F7.2,2X,FI0.2,2X,F7.2,3X,F7.2,7X,F8.3)
FORMAT (lHl)
FOFJ.'1AT (lHl, 90X, :xxx. ,/,187, 120X, : xxx. )
FORMAT (lH2, 30x,60 (:-:) ,I, 3LX,60 (:-:»)
FOR}ffiT(31X,60(:-:) ,I)
FORMAT (lH3, 54X, : TABLE : , IX, lOAl)
FORMAT {lH4 t 30X, : AVERAGE CONDUCTAJ.'IlCES AND CONDUCTIVITY RI\TIOS
AT GIVEN TIMES:, lH:)
FORMAT(lH3,30X,60(:-:) ,1,3lX,60(:-:»
0173 965
0174 967
0175 970
0176 990
0177 996
0178 2000
0179
0180
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FORMAT (43X, :AVEAAGE C: ,5X, :8 :5X, :95 PER CENT: ,5X,:C-C: r I, 31X, :
TIME IN: ,9X, :IN:, 7X, :---: ,4X, :CONFTDENCE: ,5X, :--------: ,I,31X,
:MINUTES: , SX, :MICROMHOS: ,5X, :N: ,6X, : INTERVAL :, 7X, :C-C:)
FORMAT (lH4, :AVEAAGE PERCENT DEV. FOR STDilMN =: ,410.5 ,4X, : AND
FOR CI95 =: ,FlO .5)
FORMAT (lH2, 38X, :C: ,2X, :=: , 6x,F6. 2, 2X, :MICROMHOS: r 7X, :THESE
VALuEs ARE:,I, 74X, :CALCULATED FROM:, I, 39X, :C:, 2X, :=: , 2X,F10.2,
2X, :MICROMHOS: ,9X, :ERRORS IN TIME:)
FORMAT(31X,F8.2,F10.4,F10.5,2X,FI0.2,FI0.2)
FORMAT (2X,:E'4.1, 2X,F4 .1)
FORMAT(2X,F13.6,2X,F13.6,2X,F13.6,2X,F13.6,2X,F13.6,2X,F13.6,
2X,F13.6,2X,F13.6)
REWIND 4
11=0
IP = 0
I:E'(IP.EQ.O} ID=l
5 CONTINUE
IF (IP.GT.O) ID=O
J=l
N=NR
K=N
IF(XY.EQ.TEST) GO TO 911
IF (IT.EQ.l) GO TO 1515
1515 READ(6,2000,END=704} (XCI) ,yel) ,I=J,Kl
00 1517 I=J,K
IF (X(I) .EQ.EOFS) GO TO 704
1517 CONTINUE
J=J+N
K=K+N
GO TO 1515
704 CONTINti'E
stmx-o .»
SUMY=o.O
SXS=O.O
SYS=O.O
SMXY=O.O
N=I-1
DO 10 I=l,N
WUMX=SUMX+X (I)
SUMY=Sill1Y+Y (1)
SXS=SXS+X (I) **2
SYS=SYS+Y (I) **2
SMXY=SM~Y+(X(I)*Y(I»)
10 CONTINUE
XMEAN=SUMX/N
YMEAN=S 0111' IN
S1~XSQ=SXS-(~~AN*SU~)
SMYSQ=SYS-(Yt~~~*SUMY)
STDEX=SQRT(SMXSQ/(N-l»
STDEY=SQRT(SNYSQ/(N-l»)
SUMXY=SMXY-(XME~~*Su~Y)
RXY=Su1~XY/SQRT(S~XSQ*SWISQ)
RXYSQ=RXY**2
B=smt.TI/S~lXSQ
0221
0222
0223
0224
0225
0226
0227
0228
0029
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
38
39
40
50
60
70
73
100
74
116
434
400
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AZ-YMEAN- (B*XMEAN)
AB = AZ
IF (RXYSQ. IE. 1. 0) GO TO 38
RXYSQ=l.O
STERR = SQRT«l.O-RXYSQ) / (N-2) * SMYSQ/SMXSQl
T=99999.9
GO TO 39
STERR = SQRT«1.0-RXYSQ) I (N-2) * SMYSQ/SMXSQ)
T=B/STERR
NDF=N-2
11=11 + 1
WRITE (3,40) (TITLE(Il,J3) ,J3=l,lO)
FORMAT ClH1, 31X,.lOAB)
WRITE (3,FMT1) A,FML2
WRI TE( 3 , FMT2) KNCELL ,TEI1P , FHL3
WRITE (3,50) N,XMEAN, ¢MEAN, STDEX,STDEY,RXY ,RXYSQ
FORMAT(1H ,/////,lOX,:N = :,I4,1/,lOX,:HEAN OF X = :,F15.3,
/1,~OX,:I1EAN OF Y = :
,F15.3,//,10X,:STANDARD DEVIATION OF X == :,F15.5,//,lOX,:
STANDARD DEVIATION OF Y == :,F15.5,1/,lOX,:R == :,F8.5,//,10X,:
R SQUARED == : ,F8.5)
IF(AZ.LT.O.O) GO TO 60
SGN==PLUS
GO TO 70
SGN==MINUS
AB == ABS (AB)
IF(ID.EQ.l) GO TO 73
CONTINUE
IF (ID.NE.l) GO TO 74
RATE== ( (8) / (2*A) ) * (CELL (J2) / uo00 . 0) )
HALFL==l.O/B
WRITE (3,100) B, SGN , AB I RATE, HALFL, STERR, T t NDF
FON~T(/1,10Xt:¢ = :,F12.o t: X : ,A3,F12.4 ,10X, :RATE = :tF12.4t5X,
:HALF LIFE =:,F8.2,/!lOX,:STANDARD ERROR OF REGRESSION COEFFICIENT
== : ,F12.8,1! tlOX,:T == : tF12.3,lOXt :D.F. ==: ,14)
GO TO 434
WRITE(3,116) B,SGN,AB,STERR,T,NDF
FORMAT(/!,lOX,:¢ == :,F12.o,: X :,A3 tF12.6, ,10X:STA.."lDARD
ERROR OF REGRESSION COEFFICIENT = :,F12.o,!/,lOX,:T = : tFS. 3,
lOX, :D.F. = : t I 4 )
WRITE (3,400)
FORL'1AT (/1/ /lOX, :OBSERVED:4X, : OBSERVED: , 5X, :EXPECTED: ,lOX,
: DIFFEEENCE: , lOX, : DIFFERENCE: , / , lOX, : X-VALUE: t tX, :Y-VA..LUE :,
5X/ :Y-VALUE: ,12X,:Y - HEl<.N: ,10X,:Y - EXPECTED: )
SSYDl = 0.0
SSYD2 = 0.0
DO 600 I=l,N
YY=B*X(I)+AZ
YMMEAJ."J = Y ( I ) - YMEAN
YIMyy=Y(I)-YY
SSYDI = SSYDl + YI1HEAN * Y!'1MEA."l
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
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SSYD2 = SSYD2 + YIMYY * YIMYY
IF(IP.EQ.3) GO TO 161
GO TO 611
161 WRITE (3, 502) XCI) ,Y(T) ,YY,YMMEAN,YIMYY
502 FORMAT U ,6X,F12. 3 ,F12. 6,lX ,F12.6, 6X, F12. 6 ,6X,F12. 6)
GO TO 600
611 WRITE (3,501) X(I), Y(I) , YY, YMMEAN, YIMYY
501 FORMAT(j, 6x,F12. 3,F12. 3 ,lx,F12. 3 ,6X,F12. 3 ,6X,F12. 3)
600 CONTINUE
WRITE (3,799) SSYD1,SSYD2
799 FORl-1AT(:3:,14X,:SUM OF SQUARES OF DEVIATIONS:,3X,F15.3,3X,F15.3)
WRITE (3,801)
801 FORMAT (/lH1)
CALL GRAPHS (N,X,Y,AZ,B)
IP=IP+1
IF(IP.EQ.7) GO TO 850
GO TO 5
850 IF(IT.EQ.l) REWIND 6
GO TO 11
911 END
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1) +NN(LOC)
C
C THIS SUBROUTINE WIlL PLOT A ONE PAGE GRAPH ON THE PRINTER.
C
DIMENSION K(26) ,XCI) ,Y{l) , XWRD (ll) ,YWRD(13) ,NN(4) ,KN(4) ,IZ(4)
DATA LANK /4H /,IDOT 14H I,NN(I) ,NN(2) ,NN(3) ,NN(4)
/ 4H30aO,4H0300,4H0030,4H0003 I,KN(I) ,KN(2) ,KN(3) ,KN(4)
/4H+ ,4H + ,4H + ,4H + /,IDSH I 4H - /,lZ{l) ,IZ(2),
IZ(3) ,lZ(4) /4HI000,4H0100,4HOOIO,4HOOOI I
CALL SORT2 (X,Y,N)
XRNGE=X (N) -X (1)
'{MAX=Y (1)
YMIN=Y(I)
DO 50 I=2,N
IF (YCI) .LT.YMIN} YMIN=Y(I}
IF (Y (1) •GT.YMAX) YMAX=Y (I)
YRNGE=YMAX-YHIN
XWRD(1) =X(l)
XWRD (l1) =X (N)
YWRD (1) =YMIN
YTI'lRD ( ll) = YMAX
AY=O . I *YRNGE
AX=O . 1 *XRNGE
00 60 1=2,10
XI=I-1
XWRD(I) =XWRD(1) +XI *AX
YWRD(I)=YWRD(l)+XI*AY
J=I
Jl=O
JJ=I
XL=O.2*AX
XJ=J1
DO 100 1=1,21
K(I) = LANK
IF(J.GT.N) GO TO 200
IF «XWRD(l) + (XJ + 0.001) * XL) .GT. X{J») GO TO 200
C=(Y(J)-~vRD(l))/AY
JB=IFIX (C)
NB=IF1X (C*2. )~=«Y(J)-lwRD(JB+l»)/AY)*8.
LOC=IFIX(C)+1
IF(LOC.GT.4) LOC=LOC-4
J=J+1
IF (K(NB+l) .NE.LANK) GO TO 190
K(NB+1) =KN (LOC)
GO TO 110
K(NB+l)=K
GO TO 110
IF .0) GO TO 250
HJ=J1
IF(~0-5)270,240,230
MJ=Jvt}-5
90
50
60
200
210
220
230
190
100
no
0001 SUBROUTINE GRAPHS (N,Y ,X,AZ,B)
0002
0003
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80
400
300
310
GO TO 220
JJ=JJ+l
CONTINUE
GO TO 400
WRITE (3,260) XWRDlJJ) ,IDSH, (KtI) ,1=1(21)
FORMAT (E18.6,A4,25A4,Al)
GO TO 290
WRITE (3,280) rDSH, eK(I) ,1=1,21)
FORMAT (18X ,A4,25A4,Al)
Jl=Jl+l
IF(J.GT.N} GO TO 300
GO TO 90
IF (JJ. GE.11) GO TO 500
DO 310 1=1,21
K(I) =LANK
GO TO 210
CONTINUE
Z= CXTtffiD (JJ) -AZ) IB
IF(Z.FT.YMAX) GO TO 255
IF(Z.LT.Y}ITN) GO TO 255
C=(Z -YVIRD(l»/QY +0.0000001
JB=IFIX(C)
NB=IFIX(C*2. )
C=((Z -YWRD(JB+l)}/AY)*8. +0.0000001
LOC=IFIX(C) +1
IF (LOC. GT.4) LOC=LOC-4
K(NB+1)=K(NB+1)+IZ(LOC)
GO TO 255
CONTIND"E
00 70 1=2,22,2
K(I)+IDOT
70 K (1=1) =LANK
WRITE (3,80) (K(I) ,1=1,22), (Y'ARD(I) ,1=1,11,2), (YVIRD(I) ,1=2,10,2)
FO&~T(15X,22A4,/12X,6(4X,E12.6)/20X,5(4X,E12.6)//57X,
:X - A X IS:)
RETU&'i
END
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0055
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0059
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0067
0068
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SUBROUTINE SORT2(A,B,N)
c
C THIS SUBROUTINE SORTS A I-DI11ENSIONAL FLOATING
C POINT ARRAY (A), AND DUPLICATES THE RECORDING
C IN A SECOND ARRAY (B).
C
DIMENSION A(l) fBU)
IF (N • LE .1) :RETURN
00 20 I=2 f N
IMl=I-l
00 10 J=l .rni
JJ=I-J
IF (A CJJ) • GE .A(JJ+l» GO TO 20
X=A(JJ)
A (JJ) =A LJJ+l)
A(JJ+l)=X
X=8 (JJ)
B (JJ) =B (JJ+l)
10 B(JJ+l)=X
20 CONTINljE
RETURN
END
L76
177
APPENDIX II
The analysis of variance for the data listed in Table
XLVII was calculated using the following formulation. The
grouping of the data does not lend itself to the simpler
types of &NOVA cell arrangement and appreciation is
acknowledged to Dr. Emery Sadler, formerly of the psychology
Department, for developing the formulation used.
C = concentration
D = cell
E = experimenter (or method)
The sum of the squares terms for each source of variation
examined are:
C, df - c-l = 2
C DE
= I (IIxi j k )2
de
CDE
('i' \' \'X. 'k\ 2I..LL ~J /
cde
=
(1.646 + 1.524 +... + 1.738)2 + ... + (1.816 +
(2) (3)
1.59 4 ) 21.661 + ••• +
D,df = d-I = 2-1 = I
1 . 5 9 4 ) 2(1.646 +•.. +
2(3) (3)
D CE
_ I (LIX i j k ) 2
ce
CDE
(I\\ )2
I I I X"k
\ I.. ~ ~J
cde
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= 0 ... 6 4 6 +... + 1. 627) 2 + (1 . 59 7 + ••• + 1 • 59 4) 2
1 ( 3) (3) - ( The
same second term as above.)
E t df = 3-1 = 2
E CD
= I (IIx i j k ) 2
cd
CDE
(IIIx. 'k) 2~J
cde
CD t df = (c-1) (d-l) = cd-c-d+l = 2
SSCD =
CD E
2IIO:xi j k )
e
C DE
2I UIx .. k)~J
de
CDE
(IIIx .. k) 2~J
cde
CE, df = (c-l) (e-1) = ce-c-e+1 = 4
CE D
II CIxij1J 2
SSCE = c
E CD
I OIXijkJ 2
cd
DE, df = (d-1) (e-1) = de-d-e+1 = 2
DE C
IIClx i j k ) 2
= c
CDE
(}\"~}X 12\~L~ ijk J
cde
179
CDE, df = (c-1) (d-l) (e-l) = cde-cd-ce-de+c+d+e-l = 4
SSCDE
CD E
II (Lx, 'k}2
_ ~J
e
CE D
II (Ixi j k ) 2
d
DE C
II (Ix. 'k) 2~J
c
C DE D CE
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The F test values are calculated by dividing the ~.lJ.S term by
the appropriate error MS.
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